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Like some other subjects in the field of the pathology of bone tumors, 
the subject of giant cell tumor of bone is a very tangled one. It is 
tangled not so much because genuine instances of giant cell tumor are 
misdiagnosed as because the diagnosis of giant cell tumor is so often 
applied to bone lesions of other kinds. Certainly a bone lesion contain- 
ing a few or even a substantial number of multinuclear (giant) cells is 
far from being necessarily a giant cell tumor. Uncritically, however, a 
whole theoretic superstructure of “giant cell tumor variants’’ has been 
built up, mainly to encase such lesions somehow in the category of giant 
cell tumor. We hold that such supposed variants as the “osteitis fibrosa 
or spindle cell” variant, the “chondromatous” variant and the “xanthic”’ 
variant do not represent the giant cell tumor at all. Instead, we think 
they are lesions which, merely because of their giant cell content, have 
been forced erroneously into the category of giant cell tumor. Further 
on, we shall try to show why these lesions do not belong in this category 
and where they do belong. In addition, we feel that the alleged resem- 
blance between the genuine solitary giant cell tumor and the so-called 
“brown tumor” of bone in hyperparathyroidism is likewise only super- 
ficial. We are inclined to interpret “brown tumors” as representing, 
essentially, pigmented fibrous connective tissue scars containing osteo- 
clasts. This question, too, will be discussed more fully further on. 

Altogether, our point of view has thus evolved in the direction of a 
stricter construction of what should be included under the head of giant 
cell tumor of bone. Specifically, we regard this lesion as a neoplasm of a 
definite kind, arising apparently from the undifferentiated supporting 
connective tissue of the marrow and in any case clearly delimitable on 
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the basis of its cytologic details. In its essence the giant cell tumor js 
composed of a more or less vascularized network of spindle-shaped or 
ovoid stromal cells and multinuclear giant cells. The details which dis. 
tinguish and delimit it will become apparent as we proceed. Certainly 
the giant cells are an obvious feature of the lesion, serving indeed as the 
hallmark of its histologic character, and it is legitimate to indicate this 
fact in the name of the lesion. However, in using this name one should 
not forget that the stromal cells are really the more significant. Indeed, 
as will be brought out more fully later, the stromal cells constitute the 
genetic foundation of the tumor, and it is their behavior that gives the 
lesion much of its character. 

We also believe that the unqualified use of the adjective “benign” in 
connection with a genuine giant cell tumor of bone is unfortunate and 
frequently misleading. It is true that about as often as not the tumor 
exhibits relatively benign characteristics both clinically and _pathologi- 
cally, although recurrence after initial treatment is not at all uncommon. 
It is being increasingly recognized, however, that the tumor not infre- 
quently takes on ominous qualities, either spontaneously or in conse- 
quence of stimulation through injudicious therapy. These qualities 
consist of increased local aggressiveness on recurrence and certain por- 
tentous changes in cytologic detail. There is now even sufficient evidence 
that in such cases the tumor may eventually undergo malignant trans- 
formation and finally metastasize. Thus, in studying the natural history 
of the genuine giant cell tumor of bone one can observe all gradations 
from a definitely favorable type, through a more aggressive type with 
a pronounced tendency toward recurrence, to a frankly malignant and 


' Finch and 


metastasizing type. (See, for instance, Stone and Ewing, 
Gleave,? Dyke,*® Orr,* King,’ Coley ®° and Stewart, Coley and Farrow.*) 

In thus stating that the solitary giant cell tumor of bone is a genuine 
neoplasm, that it often becomes aggressive, that it sometimes undergoes 
malignant transformation and that some of its supposed variants are 
actually not giant cell tumors at all, we are indicating our considered 
position on some of the still debated points in relation to the lesion. One 
approach to this position was made through a restudy of 28 cases observed 
in our hospital since 1925 and originally listed in our files under the 
head of giant cell tumor. The other approach was through a collateral 


study of our material, comprising 50 cases in all, on solitary cyst, fibroma, 
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4. Orr, J. W.: J. Path. & Bact. 34:265, 1931. 
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6. Coley, W. B.: Am. J. Surg. 28:768, 1935. 
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gsteofibroma and soft enchondroma of bone and on “brown tumors” of 
bone in several cases of hyperparathyroidism. 

As our ideas of what should be called a giant cell tumor narrowed 
and crystallized, we found that we were having to discard about half of 
the cases which had previously been classified under this head in our 
files. The cases ultimately discarded were those which we finally inter- 
preted as instances of fibroma, osteofibroma, xanthofibroma, dont 
droma or solitary cyst, or of lesions representing the organization of | 
hemorrhagic extravasations. Incidentally, it seems important to note 
that in the discarded cases most of the subjects were under the age of ) 
20 and that the outcome was uniformly favorable irrespective of the; 
choice of therapy. On the other hand, the 14 cases which we ultimately 
accepted as instances of giant cell tumor finally dispelled any skepticism 
we may have felt at first about the neoplastic nature of this lesion. In 
fact, in 7 of these cases there was evidence of aggression and recurrence, 
and in 3 of these 7 the ending was fatal because of malignant trans- 
formation of the lesion. Finally, we were much impressed when we 
discovered at the end of the study that all of the 14 patients in these 
accepted cases were 21 years of age or over. 

A critical approach to the subject of giant cell tumor of bone carries 
with it the important implication that one must be very critical also of 
the literature and of the statistical data which have accumulated on the 
subject. Indeed, if one approaches the subject from the point of view 
we have adopted, the question of giant cell tumor of bone becomes a 
particularly difficult one on which to utilize published collected case 
reports. Specifically, if one’s anatomic delimitation of giant cell tumor 
of bone is as narrow as we have made ours, it is no longer logical to 
adopt intact the conclusions which have been freely drawn from these 
reports in regard to certain clinical features of the lesion and, in par- 
ticular, in regard to the results of treatment of it by one method or 
another. 


GENERAL REMARKS AND ROENTGENOGRAPHIC FINDINGS 


The presence of more than one giant cell tumor of bone in the same 
subject (i. e., the appearance of the tumor other than as a solitary lesion) 
is so unusual that one accepts only with great hesitancy an apparent 
instance of it. As is also well known, the usual site of the tumor is an 
epiphysis or an epiphysial end of some long tubular bone. Because it so 
often starts in an epiphysis or an epiphysial end of a bone, the condition 
is sometimes denoted as “epiphysial giant cell tumor.” However, a 
giant cell tumor may take its origin in a bone which has no epiphyses— 
for instance, a maxilla, a mandible or an astragalus. It may even orig- 
inate in a nonepiphysial part of a bone—for instance, within the central 
part of a vertebral body. 
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Males and females are about equally affected. As already noted, none 
of the patients in the cases which we finally accepted as genuine instances 
of giant cell tumor were less than 21 years of age. This finding is not 
in harmony with the published statistical data to the effect that in a not 
inconsequential proportion of the cases the patients are between 10 and 
20 years of age. In our opinion, the explanation of the discrepancy jg 
this: These data include under the head of giant cell tumor ( particularly 
in the guise of supposed variants) many cases which do not belong there, 
and it is precisely in these cases that the patients are mainly in the lower 
age group. 

Consideration of the purely clinical aspects of the giant cell tumor 
does not appear pertinent to the present discussion. It seems worth 
noting here, however, that in its usual site, a long bone, the tumor is 
likely to be well developed before clinical difficulties become manifest. 
In this connection the possible role of trauma in relation to the lesion also 
deserves some attention. It is undoubtedly true that many of the patients 
give no history of possibly relevant trauma. On the other hand, when 
one does obtain a history of an acute trauma antecedent to the discovery 
of the lesion, one can frequently conclude from the clinical and roent- 
genographic data that the lesion was present before the trauma and that 
the latter merely directed attention to it by causing an infraction of the 
undermined bone cortex. Nevertheless, certain workers—especially 
those who conceive of the giant cell tumor as representing not a neo- 
plasm but a peculiar reactive healing process (p. 1021)—maintain that 
the appearance of the lesion is preceded by local damage of tissue. The 
damage is generally held to be an intramedullary hemorrhage, presumably 
resulting from trauma. While it has sometimes been postulated that a 
significant local intramedullary hemorrhage may appear without trauma, 
this idea is purely speculative. On the other hand, it is well known that 
the giant cell tumor does not develop at the site of fracture (and inci- 
dental hemorrhage) through an epiphysial bone end. Finally, it has not 
been found possible to induce a lesion resembling a giant cell tumor by 
causing intramedullary hemorrhage experimentally in any of several 
ways. 

As to diagnosis, it is usually on the basis of the roentgenographic 
findings that this is first attempted. It seems to be rather generally held 
that the giant cell tumor of bone presents a distinctive or “typical” 
roentgen picture. The usual description of the latter in relation to a 
lesion in a long tubular bone runs approximately as follows: The 
epiphysial end, sometimes alone but more often with part of the adjacent 
metaphysis, shows a large and somewhat eccentric area of rarefaction 
The involvement may extend to the articular cartilage, and occasionally 
an intraarticular fracture line is visible. The bone cortex in the affected 
region is likely to be found thinned and expanded and may even show 
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fracture. The distended area of rarefaction is generally further described | | 
as being traversed by delicate septums producing a multilocular cystlike 4 
effect roentgenographically. | 

It is the latter feature (often said to resemble an agglomeration ot iE 


soap bubbles of various sizes) that is repeatedly asserted to distinguish i | 
the giant cell tumor in the roentgen picture. The diagnostic value of 
this multilocular appearance has, we believe, been overstressed, and one 





may easily be led astray if the presence of this appearance is necessarily 
expected. As a matter of fact, it is really rather unusual (at least in its | 
full efflorescence) with the giant cell tumor. Furthermore, it may be 
observed also with angioma, solitary xanthogranuloma and enchondroma ' 
and with various fibrous lesions of bone. 

Far more important diagnostically are the location of the area of 
rarefaction in the end of the bone and the thinning and expansion of 
the cortex, particularly on one side. Another significant point is the 
practical absence of periosteal new bone formation over the thinned and | 
expanded cortex, not infrequently even where the latter has undergone 
pathologic fracture. However, in the last analysis, the latter features 
are not infallible either as roentgenographic guides to the correct diag- 
nosis. Indeed, a chondrosarcoma or a fibrosarcoma which has started 
in an epiphysial end of a long bone may produce a roentgen picture 
completely simulating that of a giant cell tumor. We have even seen 
a case in which a solitary myeloma at the upper end of a femur did so. 





The diagnosis of giant cell tumor in other than a long tubular bone on the 


basis of the roentgen findings alone usually also presents great difficulties. 
Altogether, then, despite the prevailing common opinion, there is no 
set of roentgenographic findings which can safely be regarded as typical 


ee ee ed 


of the giant cell tumor. The necessity for reservation as to the diag- 
nosis until a biopsy specimen has been studied is thus apparent. Indeed, 


the wisdom of the practice of instituting radiation therapy on the strength 





of a roentgen diagnosis alone, unverified by biopsy, is open to serious ii 
question. | 
GROSS PATHOLOGY 
The contemporary pathologist has little opportunity for studying 
gross specimens of this tumor intact in their setting and unmodified by 
treatment. Formerly, there was no lack of such material, since radical 
excision or amputation of the affected part was freely done as an initial 
(though late) procedure. Now, all that the pathologist usually sees of 
the lesion while it has not yet been modified by treatment is a biopsy 
fragment or a mass of curettings. Where the lesion has been treated and 
has recurred, he may subsequently see the entire area involved, but by 
that time the gross appearance has been greatly modified by such 
influences as infection and hemorrhage, the effects of radiation and 
sometimes even spread of the tumor beyond the limits of the bone. 
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For information about the gross appearance of the natural lesion in 
its setting, one can still resort to the descriptions by Paget,* Nélaton® 
0 


and Gross.’ 
which, through the very delay of treatment, had been allowed to attain 


However, these older descriptions usually relate to lesions 


large size, associated with the appearance of pronounced secondary 
changes. Consequently, these descriptions, with their emphasis on 
extensive necrosis, hemorrhage, cystic softening and the formation of 
large blood spaces, though accurate so far as very advanced lesions are 
concerned, do not, on the whole, fit the gross picture of the giant cell 
tumor as we see it, now that it is being treated more promptly. 

In any event, in a long bone the region involved is, as already noted, 
part or most of an epiphysis (or epiphysial end) and of the adjacent 
metaphysis. In the affected area the bone outline is generally found 
expanded, at least in part. The distended area is usually delimited by a 
thin shell of bone, over which the periosteum is somewhat thickened. 
The thin bone shell represents newly formed bone which has replaced the 
resorbed original cortex. Whatever spongiosa there was originally 
where the tumor is present has also been resorbed. The tumor is often 
found to have extended to the articular cartilage in one place or another, 
If the bony end plate has been resorbed over any considerable area, the 
contour of this cartilage may no longer be entirely normal, but the 
cartilage is not likely to be found perforated by tumor tissue. Shaftward 
this tissue may extend into the major marrow cavity, though it is 
delimited from the marrow by a thin wall of fibrous tissue or bone. 

As to the tumor itself, its gross appearance naturally depends to a 
considerable extent on the degree to which it has already undergone the 
secondary changes we have mentioned. Tumor tissue which has under- 
gone but little modification is likely to be of a rather uniform dark red 
or reddish brown color (though its more richly cellular areas may be 
gray) and of a fleshy consistency, though friable. In fact, practically 
the entire lesion may present this appearance, especially if it is still 
small. In most specimens, however, the color and consistency are found 
altered by secondary changes which have occurred here and _ there 
throughout the tumor. The presence of hemorrhagic areas is evidenced 
in spots or blotches of bright red or blackish red and in greater softness 
of the tissue. Necrotic areas appear yellowish, amber or orange and 
may even be found partly liquefied. It is after necrosis and hemorrhage 
have taken place in a giant cell tumor that it becomes cystic. The cysts 

8. Paget, J.: Lectures on Surgical Pathology, Philadelphia, Lindsay & Blakis- 
ton, 1854, p. 446. 

9. Nélaton, E.: D’une nouvelle espéce de tumeurs bénignes des os, ou tumeurs 
a myéloplaxes, Paris, A. Delahaye, 1860. 

10. Gross, S. W.: Am. J. M. Sc. 78:17, 1879. 
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and cystoid spaces vary considerably in size and are occupied by serous, 
serosanguinous or frankly hemorrhagic fluid. Occasionally, a giant cell 
tumor may even be found to have undergone extensive cystic trans- 
formation. 

The description given in the foregoing paragraphs represents the 
appearance of a lesion which has not yet broken its bounds. If it has 
been permitted to run its natural course after repeated pathologic frac- 
tures, the tumor may be found to have disrupted the periosteal cuff and 
perhaps grown along intermuscular septums. It may even have advanced 
into a neighboring bone, either by transgressing into the joint space or 
by extending through an interosseous membrane. These various con- 
sequences may also follow on recurrence after extensive curettement or 
on malignant transformation. They may appear whether or not there 
has been postoperative irradiation of the involved area and are especially 
likely to be found if an infection has supervened. Under these various 
circumstances the tumor tissue may even be seen to have fungated 
through a wound in the skin. 


MICROSCOPIC PATHOLOGY 

The cytologic details may vary considerably from specimen to 
specimen and even within a given tumor. Nevertheless, a representa- 
tive description can be made to serve for general histologic orientation 
and as the point of departure for discussion of the question of grading, 
which follows. The features characterizing the microscopic anatomy 
of any particular tumor stand out best in areas which have undergone 
few if any secondary changes. In these areas the tumor consists of a 
moderately vascularized network of stromal cells and multinuclear giant 
cells meagerly interspersed with collagenous fibrils. 

The stromal cells are mononuclear and in general resemble young 
connective tissue cells. They are spindle shaped or ovoid in varying 
proportions. Correspondingly, the nucleus, which occupies much of the 
cell body, is longish or roundish. It contains a moderate amount of 
chromatin and a more or less central nucleolus. The outlines of the 
individual stromal cells cannot always be traced completely, but it can 
almost regularly be seen that the cells have cytoplasmic processes. 
Occasional stromal cells may present evidence of mitotic division. The 
stromal cells of the tumor seem most plausibly explainable as arising 
through proliferation of the mesenchyme-like supporting connective 
tissue of the marrow. 

The multinuclear giant cells are found irregularly distributed between 
the stromal cells. In a given tumor they may be numerous or sparse, 
and their number may vary from part to part. They are generally from 
30 to 60 microns in diameter, though sometimes they are 100 microns 
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or even more. In a general way, the number of their nuclei increases 
with the diameter, and some of the cells have many dozen. The nuclej 
tend to be agglomerated toward the middle of the cell. They are round 
or oval, and each has a nucleolus. On the whole, the nuclei of the giant 
cells are not much different from those of the ovoid stromal cells, and 
they may even be indistinguishable from them. The cytoplasm of the 
giant cells is usually considerable in amount and frequently granular and 
vacuolated. These cells, too, apparently have cytoplasmic processes, and 
some writers have shown that these processes anastomose with those of 
the stromal cells. 

The histologic facts favor the idea that the giant cells and the stromal 
cells have a common ancestry, if indeed the giant cells are not derived 
from the stromal cells by agglomeration or fusion. On the other hand, 
they have been regarded by some as megakaryocytes, by some as osteo- 
clasts and by others as nothing more than agglomerations of wandering 
phagocytes. Their intimate connection with the walls of vascular 
channels in many places has led still others to regard them as being of 
endothelial origin and possibly representing “puffed up endothelial 
sprouts” which have migrated between the stromal cells. Some have 
even contended that the small vascular channels in a giant cell tumor 
represent merely canalized giant cells. 

In any case the giant cells ought not to be given the primal position 
in the genesis of the growth that has been assigned to them by many 
writers. Doubtless, much of the confusion that exists in regard to the 
diagnosis and classification of the giant cell tumor of bone and its sup- 
posed variants has resulted from undue emphasis on the giant cells, as 
well as from the ill advised identification of these cells as osteoclasts. 
An extreme expression of overemphasis on the giant cells is represented 
by the untenable theory proposed by Geschickter and Copeland " that 
the giant cell tumor results from abnormal hyperplasia of osteoclasts 
left at a site of endochondral ossification. The name “osteoclastoma,” 
currently preferred by British writers, is apparently also predicated on 
the premise that the giant cells of the lesion represent osteoclasts. Most 
of these writers maintain at the same time, however, that the giant cell 
tumor is a genuine neoplasm. This opinion is difficult to reconcile with 
the idea of “osteoclastoma,” since we can scarcely conceive of a genuine 
neoplasm in which skeletal phagocytes are an essential element. Further- 
more, the giant cells of the giant cell tumor, while resembling, also show 
definite differences from, indubitable osteoclasts, such as one observes 
in connection with resorptive and reconstructive processes in a bone site. 


11. Geschickter, C. F., and Copeland, M. M.: (a) Arch. Surg. 19:169, 1929; 
(b) Tumors of Bone (Including the Jaws and Joints), ed. 2, New York, American 
Journal of Cancer. 1936. 
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. The collagenous intercellular material in the giant cell tumor is most 
abundant where the stromal cells are very spindly and loosely arranged. 
Where they are ovoid and closely packed, the collagenous material is 
sparse. In relatively unmodified tumor tissue, the blood vessels can be 
seen as small thin-walled channels lined by flattened cells. Some giant 
cells are usually seen in intimate relation with the vessel walls. Where 
there has been hemorrhage into the tumor one finds large vascular 
sinuses, the walls of which are generally composed of stromal and giant 
cells. About such areas delicate’ trabeculae of osteoid may have been laid 
down. In the vicinity of these regions some free and intracellular blood 
| pigment is usually to be seen. Although it is generally reported that the 
l giant cell tumor of bone contains at ieast some lipoid-bearing phagocytes 


(foam cells), we have rarely observed them. 
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GIANT TUMOR ON THE 


APPEARANCE 


; GRADING OF CELL BASIS OF ITS 
; CYTOLOGIC 

Many writers, both early and contemporary, speak indiscriminately 
of “typical benign giant cell tumor,” failing to appreciate the fact that 
there are cytologic gradations of it, and the import of this fact. Actually, 
however, when one studies the cytologic structure of giant cell tumors 
in detail, differences are revealed which shed light on the potential 
Indeed, Goforth '* and 
Stewart, Coley and Farrow * have already sensed this, and Ewing ** has 
laid down certain presumptive criteria for grading giant cell tumors. 
We too feel that, in addition to making a diagnosis of giant cell tumor 
of bone, we should attempt to grade the lesion with a view to predicting, 
Our 
| system of grading is based on variations relating mainly to the 


stromal cells. 


' aggressiveness of the lesion in a given case. 


if possible, its clinical course and suggesting appropriate therapy. 


We were reluctant at first to advocate a plan for numerical grading 
of giant cell tumors, feeling as we do that in general the practice of 
grading may be arbitrary and often misleading and that the desired 
information can usually be conveyed by a brief yet accurate objective 
description of the attributes of 
proposing a basis of numerical 


any given tumor. However, we are 
grading nevertheless, because, on the 
fall rather definitely into three groups. 
We are doing this even though in individual instances it has sometimes 


been difficult to decide to which of two groups a case should be assigned, 


whole, our own cases seemed to 


particularly when one was dealing with a recurrent, infected tumor or a 
heavily irradiated one. The tumors falling into the first group (grade 1), 
which seem to make up about half of any representative series of giant 











! 12. Goforth, | oe 
13. Ewing, J.: 


Arch. Surg. 13:846, 1926. 
Surg., Gynec. & Obst. 68:971, 1939. 
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cell tumors of bone, are those in which the cytologic features indicate 
the lowest degree of aggressiveness and hence a relatively favorable 
prognosis. The tumors delegated to the other two groups show succes- 
sively more ominous cytologic features, those of grade III being definitely 
malignant. 

In connection with grading, the details of the stromal cells should be 
closely scrutinized under high magnification, and one should judge the 
tumor by its most ominous-looking areas rather than by areas selected 
at random. It follows from this that, for a relatively safe judgment, 
more material is usually needed than is obtained in a needle or a punch 
biopsy specimen. In fact, when a mass of curettings is available, one 
should submit a considerable portion of it to cytologic study, using 
particularly the areas least modified by spontaneous secondary changes. 
Previous irradiation of the growth, too, is likely to be a confusing factor 
in the grading, since it may have induced fibrosis, hyalinization and 
calcification as well as distortion and atypism of the stromal cells. Even 
though it has not been irradiated, a recurrent tumor which has become 
infected may also be somewhat difficult to grade, as it tends, on the 
whole, to look somewhat more ominous than it really is. Nevertheless, 
allowing for these modifying factors, one can usually still decide with 
reasonable plausibility on the grade to which a given tumor ought to be 
assigned. 


To belong to grade I (fig. 1), the lesion must show no appreciable ” 


atypism of its stromal cells. Though these cells are abundant, they are 
not densely compacted in a tumor of this grade. In the majority of 
cases they are predominantly spindle shaped, while in the rest they are 








EXPLANATION OF FiGure 1 

A, tissue from a giant cell tumor of grade I that occupied the head and neck of 
a humerus in a woman of 30 (x 450). There was no preoperative irradiation of 
this tumor. Note the abundance of large giant cells and the predominantly spindle- 
shaped and not closely compacted stromal cells between them. The stromal cells 
presented few mitoses and no evidences of atypism.. Altogether, this histologic 
picture represents what can definitely be called a “benign” giant cell tumor, and 
indeed curettage and postoperative irradiation of the lesion were followed within 
a year by substantial repair of the affected area. 

B, tissue from a giant cell tumor still properly classifiable as belonging to 
grade I but no longer so clearly “benign” as the tumor of A (x 400). The lesion 
occupied the head and neck of a femur in a woman of 22. There was no pre- 
operative irradiation of the tumor. Note that the giant cells are rather abundant 
between the stromal cells and that the latter are abundant but not closely compacted. 
The stromal cells do not show appreciable atypism, but here and there some of them 
have large nuclei and an occasional one even has two nuclei. In this case, post- 
operative irradiation was not followed by prompt clinical improvement. Eventually, 
we lost sight of this patient, as she left the country. 
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Figure 2 
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predominantly polygonal or ovoid. Whatever their shape -(which does 
not seem to have any special significance ), they are more or less uniform 
in size. Important also is the fact that one finds, in a grade I giant cell 
tumor, at most only an occasional stromal cell that has a hyperchromatic 
or abnormally large nucleus or perhaps two nuclei. A few of the stromal 
cells, to be sure, may exhibit nuclei in the process of mitotic division, 
but in any case the mitotic figures are not abnormal. The giant cells 
are numerous, in most fields at least. Their nuclei vary in number, but 
each cell tends to have a good many of them, and they bear a close 
resemblafice to the nuclei of the stromal cells. 

It should also be noted that a grade I tumor presents comparatively 
little evidence of fibrous or collagenous differentiation of its stroma. 
If present at all, such differentiation is found limited to a few small 
areas. Indeed, if a lesion of bone exhibits a predominantly fibrous or 
collagenous stroma that cannot be attributed to previous irradiation, one 
must be wary of calling it a giant cell tumor even though the lesion 
contains a sprinkling of multinuclear giant cells. In a lesion with such 
a stroma these multinuclear cells are likely to be rather small and 
altogether to exhibit the features of osteoclasts, and the lesion is probably 
really a fibrous scar or a fibroma. In addition to not showing much 
fibrous differentiation, the grade I tumors présent relatively little or no 
evidence of spontaneous ossification except at their periphery, otherwise 
showing at most a few small trabeculae of new bone. If a lesion under 














EXPLANATION OF FiGuRE 2 

A, tissue from a giant cell tumor already classified as belonging to grade II 
(x 450). The lesion occupied the lower end of a femur in a man of 36. There was 
no preoperative irradiation of the tumor. Note the compaction of the stromal cells 
and the presence of multiple nuclei in some of them. More of the stromal cells 
showed mitoses than show them in a tumor of grade I. Despite postoperative 
irradiation, the lesion progressed, and two and one-fourth years later the histologic 
picture had changed completely, the lesion having become frankly malignant 
(see fig. 6 A). 

B, tissue from a giant cell tumor of grade II that occupied the lower end of a 
femur in a 23 year old woman (x 150). The tissue shown represents material 
obtained from the lesion through curettement some time after a thorough course of 
radiation therapy had failed to control its progression. Subsequently, the lesion 
became infected and fungated, and the limb was ablated. Note that the field 
illustrated contains numerous densely compacted spindle-shaped stromal cells, but 
that hyalinization of the stroma, which would indicate an irradiation effect, is 
absent. Note also that hardly any giant cells are to be seen in the photomicrograph. 
In other fields of the tumor, however, they were very numerous and the histologic 
architecture altogether so characteristic that there could be no doubt that one was 
dealing with a giant cell tumor in spite of the concomitant presence of more 
ominous-looking areas like the one shown. 
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consideration manifests extensive osseous metaplasia, one is dealing, in 
all likelihood, with something like an ossifying fibroma rather than with 
a giant cell tumor. 

Some of the grade I tumors reveal a tendency to microcystic degen- 
eration following hemorrhage or necrosis. However, if a lesion in 
question is essentially cystic, presenting only scattered giant cell areas in 
the cyst wall, it again probably does not represent a giant cell tumor 
at all, but rather a bone cyst containing osteoclasts formed in connection 
with organization of hemorrhage and resorption of bone. 

In regard to the prognosis for the tumors of grade I, it is to be noted 
that recurrence can be expected in some instances. Furthermore, in its 
recurrent state, particularly if it has recurred more than once, a grade I 
tumor may finally come to exhibit characteristics which really put it in 
the next grade. 

The tumors of grade II (figs. 2, 3 and 4) constitute a somewhat 
varied group, ranging from those in which the stromal cells show only 
slight (though definite) atypism to those in which they are strikingly 
atypical though not yet sufficiently so to justify placing these tumors 
in the category of the frankly malignant ones. The stromal cells are 
abundant and closely compacted and may even show plainly an irregular 
whorled arrangement. In some cases, they tend, on the whole, to be 
spindle shaped, though in some areas they may be plumper or ovoid, and 
an occasional cell may even appear anaplastic. At the other extreme 
there are cases in which the stromal cells are predominantly plump or 
ovoid, while their nuclei are large and swollen in proportion to the cell 
as a whole and often exhibit atypism. Specifically, in the latter connec- 
tion the nuclei may vary considerably in size, many of them may be 
hyperchromatic, and some of them may be multiple, two or three being 
present in a given cell. In these more ominous cases, in which the lesion 








EXPLANATION OF FIGURE 3 
A, tissue from a giant cell tumor of grade II which occupied the lower end of 
a femur of a 44 year old man (x 250). Radiation was not given preoperatively 
but was used after thorough curettage. Nevertheless, there was a recurrence, 
associated with infection and fungation, necessitating ablation of the limb about 
one and a half years later. The field illustrated is from the tissue originally 
curetted out. Note, between the giant cells, the densely compacted stromal cells in 
a somewhat irregular whorled arrangement. In the field illustrated, these cells 
when studied in detail did not present much atypism, but in other fields (fig. 3 B) 
they did. This shows the necessity for studying the details of the stromal cells 
from many areas and gaging the prognosis of the lesion by its most ominous- 
looking parts. 
B, a stromal cell field showing atypism, from the same tumor as A (x 900). 
Note that several of the cells contain two or more nuclei, that the nuclei in general 
are large and that many of them show hyperchromatism. 
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may already be considered as potentially malignant, mitotic figures are 
rather frequently encountered, and some of the latter may appear 
abnormal. 

*In the tumors of group IT as a whole the fibrillar stroma shows no 
appreciable tendency toward collagenous differentiation. The giant cells 
are apt to be abundant in some or in many areas, though they may be 
sparse in others. Their nuclei may reveal atypism similar in a general 
way to that of the stromal cell nuclei and running more or less parallel 
to it. The compacted stroma may be found poorer in vascular channels 
than it is in the tumors of grade I. While there may be some areas of 
necrosis, no appreciable tendency toward cystic degeneration is observed. 
Furthermore, the tumors of this grade show no evidence of spontaneous 
ossification, although an occasional one may show a few scattered osteoid 
trabeculae. 

As to prognosis, it is to be noted that the tumors of grade II tend 
strongly toward recurrence, and that some of them eventually undergo 
malignant transformation, although usually, it is true, only after an 
interval of some years. 

The tumors of grade III (figs. 5 and 6 A) constitute the small group 
of giant cell tumors of bone which are frankly and obviously malignant, 
possessing a sarcomatous type of stroma and a capacity for metastasis. 
Their stromal cells are abundant and closely compacted and tend to 
present an irregular whorled arrangement. Their nuclei exhibit atypism 
almost uniformly and are likely to be unusually large and anaplastic. 
The giant cells tend to be dwarfed and to contain few nuclei, and the 
latter, too, are likely to show atypism. 

Occasionally, one encounters a giant cell tumor which is already 
frankly sarcomatous when tissue is first taken from it for study. More 
often, however, a malignant giant cell tumor is one which originally 
belonged to group | or II but which has become more and more aggres- 
sive in the course of years. Often the increased aggressiveness has 
followed on repeated curettage, infection or irradiation, although it is 











EXPLANATION OF FiGuRE 4 


A, tissue from a giant cell tumor of grade II (but approximating grade IIT) 
which occupied the lower end of a radius in a man of 55 (x 450). There was no 
preoperative irradiation of the tumor. The patient died about two years after the 
curettage. No autopsy was performed, but the statement on the death certificate 
read: “sarcoma of bones of forearm.” Note the rather dwarfed giant cells and 
the compacted stromal cells, the latter showing also atypism (see B). 

B, a field from the same tumor as J, illustrating the atypism of the giant cells 
and stromal cells (x 600). Note in regard to the stromal cells that their nuclei 
tend to be abnormally large and hyperchromatic and to show mitotic division. These 
various evidences of atypism are also present in the nuclei of the giant cells. 





i 
1 
% 
4 
ti 
‘ 
i 
| 
| 













Figure 5 


(See legend on opposite page) 


1010 























JAFFE ET AL-—GIANT CELL TUMOR OF BONE 1011 


possible that in these cases the malignant tendency of the growth was 
inherent in it from the beginning. The tumors of grade III metastasize 
sooner or later, particularly to the lungs. In their metastases they do 
not show up as osteogenic sarcoma. 

Our records include data from a study of the original curettement 
specimen in case 3 of the group of malignant giant cell tumors described 
by Stewart, Coley and Farrow.’ The slides from this specimen (fig. 
2A) on reexamination with particular reference to stromal cytologic 
detail showed a giant cell tumor which could be considered of grade II, 
but there was certainly no justification for interpreting the lesion as a 
malignant giant cell tumor. Five years after the original curettement, 
the patient died with pulmonary metastases following amputation of the 
affected lower limb, which had shown a large recrudescence of the growth 
despite roentgen irradiation. Recently, Dr. Stewart exchanged slides 
with us. He agreed with us that the original specimen afforded no 
justification for thinking that the tumor was malignant. We agreed with 
him that from the terminal specimen (fig. 6 4) there could be no doubt 
of the malignancy of the lesion in its final condition. 

We have also seen a case in which a previously untreated lesion in 
the lower end of the radius (fig. 4), though we still placed it in grade II, 
was clearly a potentially malignant giant cell tumor when the first 
curettement was done. We lost sight of the patient, but his death cer- 
tificate, filed two years later, recorded that he had died of a “sarcoma 
of the bones of the forearm.” Thus this case seems to represent another 
example of malignant transformation of a giant cell tumor, though it is 
possible that the tumor was already malignant when first seen. 

The case reported by Kleinberg,'* which we also studied, is probably 
likewise an instance of malignant transformation of a giant cell tumor. 


14. Kleinberg, S.: J. Bone & Joint Surg. 21:433, 1939. 








EXPLANATION OF FiGure 5 
A, tissue from a giant cell tumor of grade III which occupied the lower end of 
a tibia in a man of 31 (x 600). Between 1932 and 1934, on the basis of clinical 
and roentgenographic findings held to represent a giant cell tumor in the region 
in question, the patient received a thorough course of radiation therapy. Clinically, 
he was then free from complaints and considered cured until 1938, when the lower 
end of the tibia again began to bother him. Curettage now revealed the presence 
of tissue of the type illustrated. Consequently, the affected limb was amputated, 
but nevertheless the patient died ten months later with pulmonary metastases 
(see B). Note in the tissue from the tibia the unequal size and the hyper- 
chromatism of the stromal cell nuclei and also the presence of many mitotic figures. 
The giant cells are also atypical, being dwarfed. 
B, tissue obtained by needle punch from a pulmonary metastasis of the tumor 
represented in A (x 900). Note that the tissue from the metastasis is composed of 
compacted large roundish cells without intercellular material. 
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In this case a six year interval elapsed between the recognition of a 
supposedly benign giant cell tumor in the tibia and death from pulmonary 
metastases. For the first two years the lesion was treated by roentgen 
therapy, and no biopsy specimen was taken. The demonstrative value of 
this case as one of malignant transformation is diminished by the lack of 
a specimen from that period. However, about a year before death, 
curettings from the lesion (fig. 5 4) revealed the presence of a malignant 
giant cell tumor, and a punch specimen taken from a pulmonary metas- 
tasis after death (fig. 5B) showed the presence of a highly cellular 
sarcoma, the pertinent cells of which were large and roundish. The frag- 
ment of pulmonary tumor tissue examined contained no giant cells, it 
is true; on the other hand, its appearance was certainly not indicative 
of an osteogenic sarcoma. 


SUPPOSED GIANT CELL TUMOR VARIANTS 


In the preceding discussion we indicated our doubts as to the pro- 
priety of forcing into the category of giant cell tumor, albeit as variants, 
certain bone lesions which bear merely a superficial resemblance to it.’® 








15. An important thesis of our paper is the idea that the designation “giant cell 
tumor of bone” ought to be restricted to a very definite and special type of lesion. 
This position is almost diametrically opposed to the one defended for instance by 
Dawson, Innes and Harvey in their paper entitled “Debatable Tumours in Human 
and Animal Pathology: V. Giant-Cell Tumours of Bone” (Edinburgh M. J. 45: 
491, 1938). These authors there upheld about as inclusive a conception of giant cell 
tumor as one can find adopted anywhere. Specifically, they held that this tumor 
represents a neoplastic reaction of the osteoplastic mesenchymal blastoma to trauma 
and hemorrhage, and classed it as a type of new growth intermediate between purely 
reactive tissue and true blastoma. They held further that the prototype cell is a 


(Footnote continued on next page) 








EXPLANATION OF FIGURE 6 


A, tissue from the same femur as the tissue shown in fig. 2.4 but taken about 
two and a quarter years later, when the limb was ablated and the tumor was 
malignant (x 900). After another two years the patient died with pulmonary 
metastases. Note the hyperchromatism and general atypism of the cells, and how 
much altogether the histologic picture has changed. 

B, tissue from a medullary fibroma in the sternal metaphysis of a clavicle in a 
child of 3 (x 250). We had originally classified this lesion as a giant cell tumor, 
primarily on the basis of some fields like the one illustrated. This field corresponds 
to one of the types of lesion which have sometimes been classified under the head of 
the “osteitis fibrosa or spindle cell variant” of giant cell tumor or even the “giant 
cell variant of osteitis fibrosa.” Note the collagenous differentiation of the stromal 
cells, which are decidedly spindle shaped, and the relatively few, irregularly dis- 
tributed and on the whole small giant cells. In other fields the giant cells were 
even fewer, and indeed the latter fields by themselves would hardly have suggested 
giant cell tumor. 
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These supposed variants have been classified as variants mainly becayse 
of their containing larger or smaller numbers of multinuclear phago- 
cytes (osteoclasts or chondroclasts) rather than on the basis of their 


total histologic structure. On the latter basis, we hold that to be accept- 





able as a giant cell tumor a lesion should not only show numerous 
multinuclear giant cells but also present a special type of stromal cells 
which give rise to the giant cells and which are usually not interspersed 
with any appreciable amount of collagenous or osseous material. 

It might be maintained that the position we are taking in regard to 
these supposed variants is an arbitrary one. and that in fact they con- 
sistently represent modified forms of giant cell tumor. If this were the 
case, however, they ought not to differ fundamentally from the giant cell 
tumor in histologic appearance and prognosis. Most of the supposed 
variants do so differ, however, and hence really represent separate 
entities. Therefore it is not only theoretically inaccurate but practically 
disadvantageous to continue classifying them as variants of the giant cell 
tumor. Specifically, this statement applies to such supposed variants as 
the “spindle cell or osteitis fibrosa,” the “chondromatous,” the “xanthic” 
and the “myxomatous” variant. 

Geschickter and Copeland,’ in particular, have spoken of the 
‘‘spindle-cell or osteitis fibrosa” variant, which they have regarded as 
representing a healing form of the giant cell tumor. This opinion is 
based on the conception previously developed by Konjetzny.’® The 
primitive pluripotential cell whose pluripotency becomes reduced to unipotency in 
the final stage of cellular differentiation. In particular, they maintained that the 
prototype cell can give rise not only to the giant cells and stromal cells which one 
expects in the giant cell tumor but also to fibroblasts, foam cells, blood vessels and 
cartilage and bone, in various proportions. If one accepts the idea that the prototype 
cell of the giant cell tumor has such varied potentialities for morphologic differ- 
entiation, what can come to be included under the head of giant cell tumor 
becomes very miscellaneous. An essentially fibroblastic lesion with a scattering of 
giant cells or an essentially cartilaginous lesion with a scattering of giant cells can 
then be held to represent a giant cell tumor in which the prototype cell has become 
differentiated mainly along the line of connective tissue or cartilaginous tissue, 
f giant 


respectively. In fact, Dawson, Innes and Harvey used as illustrations ¢ 
cell tumors whose tissues are specialized in various ways pictures of bone lesions 
which we should call fibroma, osteofibroma, xanthofibroma, cellular chondroma, 
and so on. They even held that the pluripotential prototype cell may occasionally 
give rise to an ordinary osteogenic sarcoma. Indeed, they left themselves no logical 
reason for excluding the formation of myeloid cells in connection with a giant cell 
tumor, admitting as they did that hematopoiesis is one of the potentialities of their 
pluripotential cell. Altogether, an interpretation of the giant cell tumor along the 
line adopted by Dawson, Innes and Harvey does not seem fruitful. It goes so far 
back in the evolution of the structure it seeks to analyze that it blurs useful dis- 
tinctions between lesions which when we see them are not only different cyto- 
logically but also fundamentally different in history and prognosis. 

16. Konjetzny, G. E.: Arch. f. klin. Chir. 121:567, 1922. 
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latter held specifically that a giant cell tumor of bone represents a “tumor- 
forming localized osteitis fibrosa’”’ and maintained, furthermore, that one 
healing phase of the lesion was represented by the solitary bone cyst and 
the contrasting one by a medullary fibroma. Haslhofer,'’ too, has more 
or less adopted this point of view. If one goes through his writings, 
however, one finds that his conclusions are drawn mainly from observa- 
tions on the advanced bone changes in cases of hyperparathyroidism 
rather than from observations on solitary giant cell tumars in otherwise 
normal persons. We ourselves have never seen any convincing evidence 
that a giant cell tumor in the sense of an indubitable neoplasm ever 
undergoes spontaneous healing. 

Geschickter and Copeland stated that the “spindle-cell” variant occurs 
mainly in vertebrae, flat bones and the bones of the hands and feet and 
is distinguished by showing an unusually prominent healing reaction and 
having a good prognosis. We suspect from their illustrative photo- 
micrographs and descriptions, as well as from personal observations, that 
many of the lesions classified under this head actually represent medul- 
lary fibroma or osteofibroma. The fibroma is a more or less cir- 
cumscribed lesion with a somewhat limited capacity for growth and 
expansion ; it is generally solid but may present a number af cystically 
degenerated areas. Microscopically (fig. 6B) it shows a rather avas- 
cular fibrous or even collagenous stroma, which has the capacity for 
osseous metaplasia. Within this connective tissue, particularly in areas 
of extravasation of blood, one may find a scattering of small multinuclear 
cells, and it is these that are responsible for the fact that observers may 
mistake a medullary fibroma for a giant cell tumor. The osteofibroma 
(fig. 7A) has the vertebral column as one of its sites of predilection, 
and we have seen (and at first misclassified) two such lesions within the 
sacrum and coccyx, respectively, and a third in a spinous process of a 
cervical vertebra. Microscopically, such tumors appear as highly vas- 
cular connective tissue lesions exhibiting active osseous metaplasia. In 
proximity to the blood vessels and the trabeculae of osteoid and new 
bone, one may find an appreciable number of multinuclear cells resem- 
bling skeletal phagocytes, which again may cause confusion of the 
osteofibroma with the giant cell tumor. The medullary fibroma and 
osteofibroma which are so often held to represent the ‘“‘spindle-cell” 
variant of the giant cell tumor occur mainly in persons below the age of 
20, and, again in contrast to the genuine giant cell tumor, usually respond 
with promptness to curettage and irradiation. 


17. Haslhofer, L., in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1937, vol. 9, pt. 3, 
p. 477. 
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Figure 7 


(See legend on opposite page 








JAFFE ET AL—GIANT CELL TUMOR OF BONE 1017 


We now come to the question of the supposed “chondromatous” 
variant. In this connection one finds reference being made to a “giant- 
cell tumor of cartilaginous origin” or the “cartilage-containing giant-cell 
tumor,” which has been postulated by Kolodny '* and discussed notably 
by Codman.’® This supposed variant is held to appear mainly in the 
upper end of the humerus and particularly in the region of its greater 
tuberosity. Ewing ‘* has seemed still to agree with Codman that one 
can single out such a variant, which he designates as “benign calcifying 
siant-cell tumor.”” Despite the force of these authorities, we are not in 
accord with them on this point of view. It is true that there are benign 
calcifying and ossifying tumors which have a predilection for the head 
of the humerus—indeed, we have five such lesions in our files, as well 
as several others that occurred in the upper ends of tibias and in other 
sites also. However, from the description and photomicrographs in 
Codman’s article, as well as from our own observations (fig. 7B), we 
cannot but conclude that the lesion constituting this alleged variant is 
a cellular and moderately vascular ossifying enchondroma. Specifically, 
the cellular areas are composed of compacted small discrete roundish 
cells resembling immature cartilage cells, and the intercellular material 
which one finds distributed throughout the tumor is clearly a car- 
tilaginous matrix, which may be undergoing calcification and ossification 


18. Kolodny, A.: Surg., Gynec. & Obst. (supp. 1) 44:172, 1927. 
19. Codman, E. A.: Surg., Gynec. & Obst. 52:543, 1931. 











EXPLANATION OF FIGURE 7 


A, tissue from a medullary osteofibroma of the spinous process of the third 
cervical vertebra in a boy of 16 (x 100). There was no preoperative irradiation 
of the tumor. The lesion was originally classed (incorrectly) in our files as a giant 
cell tumor with spontaneous ossification. It corresponds to what others have 
interpreted similarly or, on the other hand, denoted as representing the “osteitis 
fibrosa or spindle cell variant” of giant cell tumor. Note the vascular spindle cell 
stroma and the signs of collagenous differentiation and osseous metaplasia. Note 
also that the small multinuclear giant cells (osteoclasts) are present mainly in 
connection with the osteogenesis. Nowhere in the lesion were there areas showing 
unequivocally the cytologic picture of a genuine giant cell tumor. Curettage fol- 
lowed by irradiation of the site led to clinical cure. 

B, tissue from a soft medullary chondroma of the upper end of a tibia in a boy 
of 17 (x 300). There was no preoperative irradiation of the tumor. The lesion 
was originally classed (incorrectly) in our files as a giant cell tumor with 
spontaneous calcification and ossification. It corresponds to what others have 
illustrated as representing the “chondromatous giant cell tumor.” Note the rather 
polyhedral-shaped basic cells of the lesion, which in some places is undergoing 
chondrification. The giant cells, present mainly in the vicinity of the chondrification, 
are best interpreted as chondroclasts. We have never seen evidences of cartilaginous 
metaplasia in a lesion definitely representing a giant cell tumor. Curettage was 
followed by prompt repair of the affected area. 
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in some places. To be sure, one may find a few or even a moderate 
number of multinuclear chondroclasts in such lesions, and these probably 
account for the confusion in the matter of classification. It is also 
interesting to note that the natural history of the enchondroma indicates 
that it is benign and that its tendency to calcification and ossification jg 
accelerated by roentgen therapy. 


a 


Kolodny ‘* and others postulated the existence of a “xanthoma” 
variety of the giant cell tumor, said to be distinguished by the presence 
of large collections of foam cells in it, on the one hand, and the scarcity 
of giant cells in it, on the other. Actually, our experience has been that 


in a genuine giant cell tumor of bone one seldom sees foam cell 





Fig. 8.—Tissue from a xanthogranuloma or xanthofibroma of the shaft of a 
femur in a boy of 13 (x 100). There was no preoperative irradiation of the 
tumor. The lesion corresponds to what is usually pictured as the “xanthic variant” 
of the giant cell tumor. Note the foam cells and the very attenuated spindle cells 
interspersed with a scattering of giant cells. In some areas the spindle cell and 
giant cell feature dominated the picture, while in others the foam ceils did so. 
Nowhere were there areas showing unequivocally the cytologic architecture of a 
giant cell tumor. The lesion as a whole was walled off by a zone of scar tissue 
and sclerotic bone. Curettage and irradiation of the site led to a prompt cure. 


aggregates and that when phagocytes containing lipoid are present they 
are few in number and entirely incidental. The idea of a “xanthic 
variant was perhaps built originally on the early description by Lebert 


(see Paget *), who designated as “xanthose areas” the yellowish necrotic 
areas visible grossly in a giant cell tumor. It is now known, however, 


that these areas do not contain foam cells or lipoid. 
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The lesion referred to as the “xanthoma” (or even the “xantho- 
sarcoma”) variety of the giant cell tumor probably represents in reality 
the solitary xanthofibroma or xanthogranuloma which one occasionally 
encounters in bone. This lesion (fig. 8) contains large foam cell 
aggregates, which provoke a pronounced connective tissue reaction, 
tending to delimit and choke off the lipoid deposits. The connective 
tissue which the lesion contains is at first moderately cellular but becomes 
progressively more collagenous in older stages, and this tendency is 
accelerated by radiation therapy. Within the spindle cell connective 
tissue one may encounter a variable number of multinuclear cells, which 
may prompt the designation of the lesion as a giant cell tumor, partic- 
ularly if one fails to sample the entire specimen through many sections 
for evidence of lipoid. In its gross aspects the xanthofibroma of bone 
tends, furthermore, to be rather small, circumscribed, and delimited by 
perilesional osteosclerosis, and to be situated somewhat eccentrically in 
a shaft. All in all, then, the solitary osseous xanthogranuloma or xantho- 
fibroma is a distinctive lesion, which ought not to be confused with the 
giant cell tumor. 

As to the “myxomatous” or “medullary spindle-cell” or “‘myxosar- 
coma” variety of the giant cell tumor, the evidence seems to be largely 
in favor of the idea that it represents in reality some sort of fibroma of 
bone. However, Ewing,'® in his recent classification of bone tumors, still 
refers to “certain benign, circumscribed spindle-cell myxosarcomas with 
few or no giant cells, which run the usual course of giant-cell tumors.” 
Whatever such medullary tumors may represent, it does not seem at all 
likely that they are related to, or ought to be classified under, the head 
of giant cell tumor. There are also certain actual modified forms of the 
giant cell tumor which have been designated as variants, although it is 
distinctly doubtful whether this procedure is justifiable in regard to them 
either. Among these are the “cystic,” the “aneurysmal” and the “recur- 
rent” or “malignant” variant. The first two of these represent a giant 
cell tumor distinguished by exaggeration of some one gross feature, and 
the third is merely a giant cell tumor classifiable microscopically as 
belonging to grade II or grade III, as already described. 

Thus the so-called “cystic” variant represents at most nothing more 
than a giant cell tumor in which cystic degeneration is eonspicuous. 
This statement does not imply acceptance of the idea that a solitary 
bone cyst represents a healing form of the giant cell tumor. This idea 
seems to have been fathered by Ménckeberg,”® developed by Konjetzny,”" 
and adopted also by Geschickter and Copeland." It is difficult to under- 
stand why the fact that a giant cell tumor may undergo cystic degenera- 





20. Ménckeberg: Verhandl. d. deutsch. path. Gesellsch. 1:232, 1904. 
21. Konjetzny, G. E.: Chirurg 9:245, 1937: footnote 16. 
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tion should necessarily lead to the interpretation of a solitary bone cyst 
as a healing form of the giant cell tumor. In the first place, the giant 
cell tumor appears at a definitely later age, on the average, than the 
solitary bone cyst. Furthermore, the solitary bone cyst nearly always 
starts in a metaphysis and only rarely transgresses into the epiphysis, 
In addition, it usually has few if any tissue masses adherent to its wall, 
and when these are present their histologic architecture does not cor- 
respond to that of a genuine giant cell tumor. The masses may indeed 
show, among other elements, a sprinkling of giant cells, especially in 
relation to areas of hemorrhage, but these cells are not embedded in a 
stromal tissue of the kind seen in a genuine giant cell tumor. 

What has sometimes also been referred to as the “aneurysmal” 
variant of the giant cell tumor seems to correspond to what Kolodny* 
has called the “telangiectatic’” variety and Ewing ** the “aneurysmal 
growths.” Apparently, this is the interpretation sometimes given to 
the occasional giant cell tumor which happens to contain many large 
cavernous spaces filled with blood or blood clot, but we have not 
encountered any such aneurysmal or telangiectatic condition in our own 
giant cell tumor material. It is possible that the terms in question are 
pertinent to the neglected and untreated giant cell tumors with extensive 
hemorrhage which one no longer sees. 

Finally, some reference must be made to the “recurrent giant cell 
tumors” and the “metastatic groups” which have been set up as variants 
by Geschickter and Copeland.** The important question arising in this 
connection is that of whether there are giant cell tumors which are 
aggressive or malignant from the start. Bloodgood,** as late as 1919, 
was maintaining that benignity is an essential characteristic of the giant 
cell tumor. In harmony with this idea, Geschickter and Copeland have 
held that any tendency toward recurrence or malignancy shown by a 
giant cell tumor is not inherent in it but has resulted from misguided 
treatment of it. Thus, while postulating a “recurrent” or “metastatic” 
variety, they would deny that it could develop of its own accord. They 
have further held that tumors which have been interpreted as giant cell 
tumors that were aggressive or malignant from the start have actually 
represented chondrogenic or osteogenic sarcoma and have been mis- 
classified because they contained numerous tumor giant cells. However, 
the evidence which Stewart, Coley and Farrow * have recently marshaled 
in favor of the presence of inherent aggressive and malignant qualities 
in some giant cell tumors must convince even the most profound skeptic. 
In conformity with our proposed classification, these particular giant 





22. Geschickter, C. F., and Copeland, M. M.: Arch. Surg. 20:713, 1930; foot- 
note 11 dD. 
23. Bloodgood, J. C.: Ann. Surg. 69:345, 1919. 
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cell tumors can be interpreted as belonging to grade II if they show 
merely aggressive qualities and to grade III if they are already frankly 


malignant. 


“BROWN TUMORS” OF HYPERPARATHYROIDISM AND 
GIANT CELL EPULIS 


The nature and genesis of these lesions and the question of their 
possible relation to solitary giant cell tumors have been much discussed. 
Holding, as we do, that a true solitary giant cell tumor represents a 
genuine neoplasm, we ourselves ** believe that it should be kept apart 
from “brown tumors” of hyperparathyroidism and most epulides. 

In contrast to the view that it is a neoplasm is the idea that it repre- 
sents a non-neoplastic reactive process and that accordingly these various 
lesions are interrelated both pathogenetically and histogenetically. This 
idea seems to be the prevailing one among continental European (espe- 
cially German) students of the subject, enjoying the support of Lubarsch 
(see Gaugele *°), Henke,?* Konjetzny ** and Haslhofer,"* for instance. 
Its exponents hold specifically that the giant cell tumor represents an 
abnormal healing process, expressed in the exuberant formation of 
granulation tissue. In accordance with this concept, the giant cell 


tumor has been variously interpreted as a “granuloma,” a “granulation 
tumor,” an “inflammatory-resorptive tissue growth” and even a “resorp- 
tive-regenerative malformation and exuberance.” This conception of the 
giant cell tumor as non-neoplastic has been built up not so much from 
the study of giant cell tumor material as from the study of “brown 
tumors” and epulides and the rather indiscriminate application of the 
results to the solitary giant cell tumor. Specifically, resorption and 
scarring of bone and organization of hemorrhage (separately or 
together ), correctly regarded as the basis of “brown tumors” and certain 
epulides, have mistakenly been held to account for the giant cell tumor 
also. 


Furthermore, the “brown tumors” usually do not meet the histo- 
genetic criteria (fig. 9) which we have laid down for the giant cell 
tumor. As seen in long bones, the “brown tumors” are essentially 
pigmented connective tissue scars with osteoclasts interspersed in the 
connective tissue. In some of the “brown tumors” in a given case of 
hyperparathyroidism the constituent scar tissue is rather cellular, in 
others it is sclerotic and poor in cells, while in still others it may be 
heavily permeated with poorly calcified osseous trabeculae. The basic 
connective tissue of a “brown tumor’ also frequently merges imper- 
ceptibly into the fibrous marrow of the altered adjacent bone.. The 


24. Jaffe, H. L.: Bull. New York Acad. Med. 16:291, 1940. 
25. Gaugele, K.: Arch. f. klin. Chir. 83:953, 1907. 
26. Henke, F.: Verhandl. d. deutsch. path. Gesellsch. 29:178, 1936. 
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Figure 9 


legend on opposite page) 
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number of giant cells in the “brown tumors” is highly variable (there 
may even be very few), and these cells resemble quite closely the osteo- 
clasts present beyond their immediate area. They are likely to be heavily 
loaded with hemosiderin, while those of the solitary giant cell tumor are 
usually free from blood pigment. It is true that comparable “brown 
tumors” in jaw bones, extending out beneath the gums, where they are 
subjected to repeated trauma and hemorrhage, may present many more 
multinuclear cells and a more cellular stroma than those in long bones. 
To differentiate the cytologic picture in such lesions from that of a 
genuine solitary giant cell tumor becomes more difficult, but is still 
entirely possible. 
J “Giant cell epulis” is the name applied to a solitary tumor-like lesion 
developing from the periosteal connective tissue of either the maxilla or 
the mandible and appearing clinically as a more or less circumscribed 
swelling beneath the gum. This swelling is usually rather firm in 
texture and bluish and may be sessile or pedunculated. The microscopic 
appearance (fig. 10 4) of these epulides varies considerably, but they 
have in common a rather vascular connective tissue stroma and an 
appreciable number of multinuclear giant cells, from which they derive 
their name. They also rather uniformly present evidence of extravasa- 
tion of blood, presumably resulting from repeated trauma, and contain 
a considerable amount of hemosiderin pigment dispersed within phago- 
cytes. The covering squamous epithelium frequently presents moderate 
thickening and acanthosis, and the gingival connective tissue shows 
fibrosis and evidence of secondary inflammation. Near the base of the 
lesion one may find indications of periosteal apposition of new bone. 
The problem of explaining the evolution of giant cell epulides is a 
rather difficult one, involving, as already suggested, the old bedeviling 
controversy of neoplasia versus posthemorrhagic reparative granuloma 
(fig. 10B). The difficulty may be resolved in part if one regards the 
epulides as probably constituting a mixed group of lesions with a varied 
genesis, which is reflected in their microscopic appearance. Thus, the 








EXPLANATION OF FIGURE 9 


A, tissue showing two small adjacent “brown tumor” areas beneath the articular 
cartilage of a patella from a patient with hyperparathyroidism (x 36). Note that 
the osseous tissue beyond the “brown tumor” areas has undergone scarring and 
remodeling and that the scar tissue in question is continuous with that forming 
the substratum of the “brown tumors.” The latter are distinguished mainly by 
the presence of giant cells in them. 

B shows in fuller detail a part of a “brown tumor” pictured in A (x 100). Note 
that the spindle stromal cells show collagenous differentiation, that the giant cells 
are small and irregularly scattered and that altogether the relationship between 
the giant cells and the stromal cells is not what it would be in a giant cell tumor. 
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Figure 10 


(See legend on opposite page) 
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more fibrous and poorly cellular ones, showing a sprinkling of multi- 
nuclear skeletal phagocytes resembling osteoclasts, may plausibly be 
explained as developing in connection with local resorption of the 
periosteal bone of the jaw. For example, the epulides occasionally 
observed in children during the period of dentition, in connection with 
resorption of deciduous teeth, are apparently of this character. Such 
lesions are sometimes taken to represent giant cell tumors, but with- 
out much justification. 

On the other hand, there are certain more richly cellular giant cell 
epulides which can be regarded with greater justification as giant cell 
tumors. In these epulides the stroma is composed of compacted ovoid 
or spindle-shaped cells and there are numerous giant cells whose nuclei 
resemble those of the stromal cells and may even present an appreciable 
number of mitoses. When such a giant cell epulis develops as an out- 
growth of a central giant cell tumor which has extended through the 
thin eroded cortex of a jaw bone, the explanation of its genesis of course 
occasions no difficulty. When such epulides arise as independent growths, 
they may be held to develop out of the undifferentiated connective tissue 
of the periosteum and to represent the periosteal counterpart of the giant 
cell tumor of bone. It is likely that the giant cell epulides which are 
prone to recur after local excision represent such periosteal or peripheral 
giant cell tumors. 

PROBLEM OF TREATMENT 

In relation to this problem, we wish to point out that in the last 
analysis it is only on the basis of the cytologic details presented by a 
given lesion that one can judge whether or not it should be classified 
as a giant cell tumor. We hope that we have made clear the propriety 
of restricting the diagnosis of giant cell tumor of bone to a consistent 
type of lesion showing indubitable neoplastic characteristics and not 
infrequently coming to reveal aggressive qualities. We also hope that 








EXPLANATION OF Ficure 10 


A, tissue from a giant cell epulis (x 100). The tissue is very vascular, and 
the stromal cells are loose. The giant cells are small and irregularly distributed; 
they contain large amounts of hemosiderin, giving them a blurred appearance. 
(The pigment is not evident, of course, in this black and white picture.) The giant 
cells here are phagocytes and can be accounted for largely on the basis of organiza- 
tion of extravasated blood (see B). Altogether, then, in the present iesion, too, 
the relationship between the giant cells and the stromal cells is not what it would 
be in a genuine giant cell tumor. 

B, giant cell reaction, resembling that of a giant cell epulis, around a hemorrhagic 
extravasation (x 80). The tissue comes from a focus in the ilium in a case of 
polyostotic fibrous dysplasia, which one of us has described (Lichtenstein, L.: Arch. 
Surg. 36:874, 1938). 
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we have shown the need for delimiting this lesion from its supposed 
variants, which have a better prognosis from the start and are much 
more amenable to treatment. In a given case the clinical history, the 
location of the lesion and the roentgen picture may offer valuable diag. 
nostic clues, but they afford at best only presumptive evidence, 

All too often a tentative clinical diagnosis of giant cell tumor based 
largely on roentgenologic interpretation is proved incorrect by histo- 
logic study. In these cases the actual condition is usually something 
less serious than a giant cell tumor—for instance, a fibroma, xantho- 
fibroma or cyst—though occasionally it is a graver lesion, such as a 
frank sarcoma. Thus, in evaluating the results of therapy—particularly 
radiotherapy—it must be borne in mind that unless the diagnosis has 
been corroborated by examination of tissue there can be no certainty 
that the lesion was actually a giant cell tumor. Indeed, the collected 
case reports on which the claims for the efficacy of radiotherapy by itself 
in the treatment of giant cell tumors have been based include many 
cases in which the diagnosis was not so confirmed. Since in these cases 
the observations would often represent lesions less ominous than a giant 
cell tumor, they would tend to create the impression that giant cell tumors 
are more readily amenable to radiotherapy than they really are. 

As a matter of fact, radiotherapeutists often admit the limitations of 
the roentgen picture by itself as a basis for the diagnosis. Still many 
of them advocate radiotherapy for a lesion merely suspected of being 
a giant cell tumor, claiming that this procedure constitutes in any event 
a sort of therapeutic test of the diagnosis, obviating the necessity for 
examination of tissue. In this connection the representative opinion 
of Herendeen ** stems worth quoting. He said: 


That a considerable percentage of error in R6ntgen-ray diagnosis of giant-cell 
tumors occurs is not denied, but routine biopsy to establish the diagnosis when 
the clinical history, physical and réntgenographic findings are characteristic, is not 
only unnecessary, but may lead to infection, dissemination of tumor cells, acceleration 
of the growth by breaking down the mechanical barrier about it; and furthermore, 
it not uncommonly happens that when a positive diagnosis is difficult without a 
section, the report of microscopical findings is as uncertain as the réntgenographic. 


Actually, progress in the understanding of the giant cell tumor is 
being hindered by the advocacy of this point of view. For instance, as 
we have already indicated, there is no set of roentgenographic findings 
which can be regarded as unequivocally “typical” or definitely “char- 
acteristic” of the giant cell tumor of bone even when the roentgen picture 
is interpreted in the light of the clinical history and physical findings. 
Furthermore, provided that certain precautions are taken, there is no 





27. Herendeen, R. E.: Ann. Surg. 93:398, 1931. 
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great danger in doing a biopsy on a giant cell tumor unless, indeed, it 
has previously been irradiated. It is when one has to cut into an 
irradiated giant cell tumor that one so often gets infections and other 
complications. Also, there is no danger of immediate dissemination of 
tumor cells when one incises a giant cell tumor unless the tumor is 
already frankly malignant, in which case the sooner the diagnosis is 
established by histologic examination the better. 

In fact, radiotherapy without previous examination of tissue may, 
on the one hand, defer for a long time radical treatment for a lesion 
which is a frank sarcoma and, on the other, defer recognition of a 
malignant giant cell tumor, which as such requires treatment more 
radical than irradiation by itself. In reading the published case reports 
on malignant giant cell tumors one cannot fail to be impressed by the 
fact that in these cases amputation was resorted to much too late to be 
effective. Although it is true that the diagnosis and classification of 
certain bone tumors are difficult at best, nevertheless a pathologist accus- 
tomed to seeing many bone tumors may reasonably be expected to dis- 
tinguish a giant cell tumor. The roentgen picture, on the other hand, 
may fit several different types of lesion. Indeed, on this account many 
lesions which are not giant cell tumors but are susceptible to radio- 
therapy come to be included in statistics on giant cell tumors. 

Nor do we feel that a punch biopsy will necessarily suffice for an 
accurate interpretation. In connection with the section on grading we 
pointed out that a tiny fragment of tissue obtained in this way might 
fail utterly to reflect the aggressive and ominous character of some other, 
adjacent field of tumor tissue. On the other hand, a punch biopsy may 
fail to establish the fact that the lesion is something less than a giant 
cell tumor (for instance, a fibroma or a cellular enchondroma). An 
adequate yet conservatively planned surgical exposure and biopsy fol- 
lowed immediately by study of a frozen section of one or more repre- 
sentative areas is much more likely to yield valuable information. If 
this establishes the diagnosis of giant cell tumor or of a less serious 
lesion, the surgeon may then elect to utilize the existing exposure to 
continue his surgical intervention. Or, instead, after learning from the 
frozen section that at least he is not dealing with a frank sarcoma (giant 
cell variety or other), the surgeon may reasonably elect to wait until 
paraffin-embedded sections have been prepared and studied in detail, so 
that he may know as precisely as possible with what he is dealing. 

Granted that the giant cell tumor nature of a lesion in question has 
been satisfactorily established by surgical exposure and immediate study 
of a frozen section or by additional study of paraffin-embedded sections, 
the next step to be taken in a given case is determined in part by 
the location of the lesion. For some locations it may be a practical 
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procedure to resect in toto the tumor-bearing portion of the bone. This 
may be advisable for a lesion in the lower end of the radius or in the 
upper end of the humerus or in any other site where the affected bone 
part can be replaced by a graft without serious mutilation or functional 
loss. It is very likely to be appropriate for a lesion in the patella or 
the upper end of the fibula, for instance, where the bone part in ques- 
tion can be dispensed with altogether. 

For certain sites, however, resection is out of the question. It js 
so, for instance, when the lesion is in the body of a vertebra, where 
radical surgical intervention would endanger the cord. Furthermore. 
unless the lesion is very large and has already transgressed the bone, it 
is not desirable to resort at once to radical resection when the lesion js 
in the lower or the upper end of the femur or tibia (among the sites of 
predilection for giant cell tumor), since this would involve mutilation 
or at least serious local functional incapacitation which might be quite 
unnecessary. The therapeutic procedure indicated in these cases (and 
often even in cases in which resection is practicable) is thorough curette- 
ment followed by chemical cauterization with, for instance, zinc chloride. 
Thus, on the whole, curettement followed by cauterization is the pro- 
cedure most appropriate as the initial one in the great majority of cases 
of giant cell tumor. 

On the basis of the abundant material yielded by thorough curette- 
ment or resection of the affected part, microscopic study with particular 
attention to grading by the criteria previously laid down will frequently 
indicate the course which a given lesion can be expected to take. Should 
this examination show that the lesion fits into grade I (the least aggres- 
sive group), the prognosis is relatively favorable, though the possibility 
of recurrence cannot be excluded. Should the study indicate that the 
tumor belongs to grade II, recurrence is much more likely, though not 
inevitable. In a case in which a previous biopsy had not revealed, but 
microscopic study now indicates, that the tumor belongs to grade III and 
is therefore malignant, immediate amputation of the affected part is 
called for, provided, of course, that there is no evidence of pulmonary 
metastases. Even if this operation is done, the ultimate prognosis is 
grave, since the likelihood is that pulmonary metastases and death will 
ensue nevertheless. 

The question of whether one should give supplementary irradiation 
(by roentgen ray or radium pack) to the sites of tumors of grade I or 
grade II which have been thoroughly curetted and cauterized is difficult 
to answer categorically. We entertain the heretical suspicion that one 
should not. Indeed, there seems to be some evidence that in certain 
cases irradiation as an adjuvant to curettage may even stimulate recur- 
rence or increase the aggressiveness of the lesion. Furthermore, should 
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the lesion recur despite irradiation and again be curetted, there is danger 
that infection may become engrafted on the tumor. A giant cell tumor 
of grade II which has recurred more than once (and perhaps particularly 
if it has been irradiated) is probably best treated as one which is likely 
to become malignant. To avoid this possibility, it becomes advisable 
to ablate the affected part. 

For a lesion in a surgically inaccessible site, such as a vertebral body, 
irradiation therapy is appropriate. It should be used in this connection 
even if one cannot confirm by biopsy the suspicion that the lesion is a 
giant cell tumor. On the other hand, the use of irradiation as the initial 
therapeutic procedure for a lesion in a site accessible to the surgeon does 
not seem warranted. The danger in the use of irradiation as an initial 
procedure is that it may defer for a long time the recognition of an 
aggressive tumor, if, indeed, it does not augment the aggressiveness, as 
it seems sometimes to do when it is used even as a supplementary pro- 
cedure. 

There are also a number of other considerations which have 
influenced us against the general use of irradiation in cases of giant cell 
tumor even though we recognize that this critical attitude may be some- 
what surprising. First of all, there has been an apparent increase in 
the number of aggressive and malignant metastasizing giant cell tumors 
since the era of radiation therapy began. It is possible, of course, that 
such reports reflect simply a keener interest in the subject, but the bur- 
den of proof lies on those who support the use of radiation, since the 
earlier writers have generally stated that death of patients with giant 
cell tumor eventually resulted from hemorrhage or infection rather than 
malignancy. 

There is also other, more direct evidence that radiation per se when 
given in large enough doses may stimulate neoplastic proliferation in 
skeletal tissues, particularly in the region of the knee joint, where the 
majority of giant cell tumors occur. We are referring to a number of 
reported instances of sarcoma of the knee region developing years after 
therapeutic irradiation of that site for tuberculous gonitis (see for 
instance Kiittner **). Furthermore, our files include the records of 2 
patients in each of whom malignant transformation of a giant cell tumor 
and pulmonary metastasis developed a number of years after ostensible 
improvement or “cure” following radiation therapy. Altogether, the 
foregoing observations are not intended to imply that carefully controlled 
therapeutic irradiation of a giant cell tumor is necessarily hazardous in 
all instances, but they are disturbing enough to suggest that the problem 
requires renewed consideration. 








28. Kiittner, H.: 
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SUMMARY 


A conception of the giant cell tumor of bone has been developed 
which can be briefly summarized as follows: The giant cell tumor of 
bone is not as common or as miscellaneous a lesion as it has generally 
been supposed to be. Cases of medullary fibroma or osteofibroma, of 
medullary xanthofibroma or xanthogranuloma and of certain peculiar 
forms of medullary chondroma, for instance, are sometimes misclassified 
under the head of giant cell tumors—notably as representing supposed 
variants of the latter. We deprecate this tendency and hold in particular 
that cases classed under the head of “osteitis fibrosa or spindle cel] 
variant,” “xanthic variant” or “chondromatous variant” of giant cell 
tumor actually represent misclassified cases of these other, independent 
conditions. We ourselves have frequently made such misclassifications 
in the past and indeed, after adopting a stricter definition of giant cell 
tumor, had to reject from this category about half of the cases which we 
had previously placed in it. Furthermore, we feel that the resemblance 
between the so-called “brown tumors” of hyperparathyroidism and 
certain epulides, on the one hand, and genuine giant cell tumors, on 
the other, is only superficial and is not based on any pathogenetic rela- 
tionship. 

We interpret the giant cell tumor of bone as a neoplasm of a definite 
kind, arising apparently from the undifferentiated supporting connec- 
tive tissue of the marrow and clearly delimitable on the basis of its cyto- 
logic details. In essence, it is composed of a more or less vascularized 
network of spindle-shaped or ovoid stromal cells and multinuclear giant 
cells in certain particular proportions and arrangements. The tumor 
shows but little collagenous differentiation of its stroma and almost no 
evidence of ossification. However, there are differences between indi- 
vidual giant cell tumors, particularly in respect to aggressiveness, based 
mainly on differences in stromal cell detail. On the basis of these differ- 
ences, we have found it expedient to subclassify giant cell tumors into 
three grades. 

Those which we have classed under grade I are the least aggressive 
ones, in which the stromal cells, though abundant, are not compacted 
and do not exhibit any appreciable atypism. The tumors of grade II 
manifest cytologically a very compact cellular stroma showing definite 
evidences of atypism, tend strongly toward recurrence and in some cases 
eventually undergo malignant transformation. Those of grade III repre- 
sent the small group which possess a sarcomatous type of stroma, are 
frankly malignant and metastasize. The malignant giant cell tumors are 
characterized microscopically by the presence of abundant, compacted 
stromal cells appearing in whorled arrangement and uniformly showing 
signs of atypism. 
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From the clinical point of view our study has shown that a genuine 
giant cell tumor is not likely to develop in any person below the age of 20. 
In connection with the interpretation of the roentgenographic findings 
it is pointed out that, despite the common opinion, there is no such thing 
as a “typical” or a “characteristic” roentgen picture of a giant cell tumor. 
It is maintained further that “blind” irradiation based on an unverified 
roentgenographic diagnosis is usually not justifiable and that a biopsy 
should be performed on a bone lesion suspected of being a giant cell 
tumor to establish the diagnosis definitely before therapy is undertaken. 
The treatment of a giant cell tumor of bone should be guided by the 
idea that this lesion (considered independently of its supposed variants) 
is, on the whole, a more serious one than it has usually been supposed to 
be. On the basis of this idea, certain general principles of treatment have 
been formulated in accordance with the grade of aggressiveness and the 
location of the individual lesion. 
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For a long time it has been known that human gallstones become 
dissolved when placed in a dog’s gallbladder. Naunyn? was the first 
to describe this phenomenon, in 1892. In 1903 Harley and Barratt? 
confirmed Naunyn’s observations. They found that cholesterol stones 
implanted in the gallbladders of dogs were dissolved within from three 
months to one year. No solution occurred when cholecystitis developed 
after the introduction of pus and bacteria with the stones. 

In 1913 von Hansemann ®* arrived at similar conclusions. The stones 
used contained mostly cholesterol, but also a varying amount of calcium 
and pigment. In these stones he found a loss of weight of 10 to 15 mg. 
per day and in no case an increase in weight. 

The influence of the speed of bile flow on the rate of solution was 
studied by Lowy and Glaser.* They reported test tube experiments in 
which cholagogues were added to concretions exposed to a slow stream 
of bile from a dog’s or a human fistula; they were able to increase the 
dissolving power by this arrangement. 

Harrison and Barber® gave further experimental evidence that 
human gallstones of the mixed cholesterol variety have a great tendency 
to be dissolved when placed in the gallbladder of a dog. 

The investigation by Walsh and Ivy ° illustrated further the solubility 
of gallstones in dog bile. These authors studied the influence of 
cholecystitis, stasis of bile, presence of soap in bile and other factors on 
the solubility of human gallstones in dog bile. They showed that stones 
lose from 20 to 96 per cent of their original weight within from sixty-five 
to one hundred and fifty-six days in normal dog bile but that a small 
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decrease occurs when the bile is poorly concentrated owing to disease 
of the gallbladder or to obstruction of the bile duct brought about by 
ligation. They stressed particularly that the lower content of cholesterol 
in dog bile as compared with human bile cannot be responsible for this 
phenomenon, since the bile of the dog’s gallbladder dissolves the stones 
at a faster rate than the less concentrated bile of the dog’s liver. Pickens 
and co-workers,’ on the other hand, believe that the low initial cholesterol 
content is the cause for solution of human gallstones in dog bile. They 
demonstrated in test tube experiments that the solubility coefficient for 
cholesterol is higher in dog bile than in human bile. 

From this brief review of the literature it is evident that the 
mechanism governing the solution of human gallstones in dog bile is 
not clearly understood. One purpose of the study to be reported here 
was to provide a better understanding of this phenomenon by analyzing 
the stones before implantation and whenever they were recovered after- 
ward. The analysis included the main constituents, calcium, phosphorus, 
pigment, cholesterol and residue. Special stress was laid on the residue, 
which represents a fairly large percentage of the average gallstone and 
which seems to consist of polymerized pigment, as recent studies have 
shown.*® 

In addition to the solubility of gallstones, my colleagues and I ° 
attempted to explain another phenomenon that presented itself in roentgen 
studies and chemical analysis of human gallstones. When a stone was 
engaged in the ampulla and the gallbladder was filled with large stones, 
deposition of calcium took place, which increased in the stones from the 
ampulla to the fundus. Though stasis of bile and infection seem to have 
played a part in the deposition of calcium and coloring matter, the 
mechanism is not clear. 

Therefore a fairly large human gallstone that was known to contain 
little or no calcium was introduced into a dog’s gallbladder and fixed 
in the fundus. An attempt was made to keep the greater part of the 
stone in close contact with the mucosa of the gallbladder. The stones, 
however, did not maintain their place in the fundus, since they were 
either partially dissolved or broken up into smaller fragments. 


METHOD 


Introduction of Stone into Dog’s Gallbladder—The stones were taken from 
human gallbladders removed at operation or postmortem. Each was submitted to 
roentgen examination, dried and weighed and a portion chemically analyzed before 





7. Pickens, M.; Spanner, G. O., and Bauman, L.: J. Biol. Chem. 95:505, 
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8. Aronson, H. G.: Arch. Path. 30:670, 1940. 
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implantation. The operative procedure was briefly as follows: The gallbladder 
was incised longitudinally near the ampulla, and the stone was introduced. 

after closure of the incision with silk, the stone was pushed into the fundus and 
fixed there by a purse string suture placed circularly around the free surface of 
the gallbladder. 

In those dogs in which the stone was fixed in the proximal part of the gal}. 
bladder, the stone was introduced through an incision in the fundus and the purse 
string placed distally to the stone. 

The dogs were kept on the stock diet (consisting of meat and bread mixed), 


The solution of the stone was followed up by means of cholecystography a 
definite intervals. 


Technic of Making Roentgenograms of Dogs.—The following roentgenographic 
technic was used in visualizing the gallbladder: The time of exposure was not more 
than 3/20 second; the current, 100 milliamperes. Intensifying screens were used, 
The kilovoltage varied with the size of the dog, care being taken that it should not 
be too great. The raying was done with a mechanically rectified circuit, using a 
tungsten target x-ray tube with 1 mm. of aluminum filtration. “Medium” speed 
intensifying screens were used in the film casettes. 


Examinations——The animals were killed at intervals of from eight to thirteen 
months later. Recovered stones were again dried, weighed and chemically analyzed, 
Also, bile was taken for cultures, and microscopic sections were made from the 
gallbladders. 

The following methods were employed in the analysis of stones: The Bloor for 
cholesterol,1° the Clark-Collip for calcium,! the Fiske-Subbarow for phosphorus,” 


and the Aronson-Hudson for pigment.’ 


PROTOCOLS 


A stone was implanted in the gallbladder of each of 13 dogs. The animals 
remained in good condition; in none did jaundice or other signs of obstruction of 
the bile duct develop. The stones used for implantation came from seven different 
gallbladders. All except one (6189) were analyzed before implantation. From 
one to four experiments were performed with stones from the same gallbladder. 


None of the stones showed calcification in the roentgen picture before implan- 
tation. 


Doc 106.—Stone 6189, weighing 2.04 Gm. was fixed in the fundus. Cholecysto- 
graphic examination after three months showed filling but no shadow from a stone; 
cholecystographic examination after twelve and one-half months, filling without 
stone. The animal was killed after twelve and one-half months. 

Post mortem, extensive adhesions were found between the gallbladder and the 
omentum. A few granules of stony material, weighing 0.01 Gm., were freely 
mixed with the normal-appearing bile. There was not enough material for 
chemical analysis. The bile culture showed Staphylococcus albus. 


10. Bloor, W. R.; Pelkan, U. F., and Allen, D. M.: J. Biol. Chem. 52:19], 
1922. 


11. Clark, E. P., and Collip, J. B.: J. Biol. Chem. 63:461, 1925. 
12. Fiske, C. H., and Subbarow, Y.: J. Biol. Chem. 66:375, 1925. 


13. Aronson, H. G., and Hudson, J. E.: Proc. Soc. Exper. Biol. & Med. 
39:271, 1938. 
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Doc 122.—Stone 6189, weighing 1.43 Gm., was fixed in the fundus. Cholecysto- 
graphic examination after three months showed filling without stone; chole- 
cystographic examination after eleven and one-half months, filling without stone. 
The animal was killed after twelve months. 

Post mortem, extensive adhesions were noted between the gallbladder and the 
duodenum. The gallbladder contained 10 cc. of golden yellow bile and three soft, 
round concretions, weighing 0.05 Gm. There had been a 96.2 per cent decrease 
of stone, or 4 mg. per day. The bile culture showed anaerobic gram-positive fila- 
mentous organisms. Section of the gallbladder revealed a reaction around the 
suture material ; otherwise the organ was about normal. 


Doc 121.—Stone 7293, weighing 3.2 Gm., was fixed in the fundus. Cholecys- 
tographic examination after three months showed filling but no shadow from 
stone. Cholescystographic examination after eleven and one-half months showed 
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Content of the fundus of the gallbladder of dog 121 a year after the experi- 
mental introduction of a gallstone into the fundus. 


filling with a doubtful shadow suggesting stones. The animal was killed after 
twelve months. 

Post mortem, there were adhesions with a tight circular scar around the middle 
of the gallbladder. The proximal part of the gallbladder was collapsed, while the 
fundus was distended and filled with stones. The opened fundus contained 16 
fairly hard stones, varying in size from 2 by 2 to 10 by 12 mm. (figure). There was 
very little thin bile between the stones. The stones were black and had a smooth 
surface. Their total weight was 1.22 Gm. This corresponds to a total decrease in 
weight of 61.9 per cent, or 3 mg. per day. The bile culture revealed streptococcus 
viridans. On section the gallbladder showed lymphocytic infiltration around the 
suture material; otherwise, it was normal. 


Doc 153.—Stone 7293, weighing 0.54 Gm., was fixed in the fundus. On 
cholecystographic examination after three months there was doubtful visualization 
with stone. The animal was killed after twelve and one-half months. 

Post mortem, the gallbladder was not dilated; it was filled with about 25 cc. 
of brown cloudy bile and fourteen concretions, from 2 by 2 to 8 by 10 mm. The 








1036 ARCHIVES OF PATHOLOGY 


smaller were black and fairly hard; the larger were softer and more brownish, 
The largest stone had a very black periphery and a yellow center, which somewhat 
resembled part of the original stone used for the experiment. The total weight of 
the recovered stones was 0.79 Gm., which corresponds to an increase of 463 per 


cent, or 0.5 mg. per day. The bile culture disclosed anaerobic gram-positive spory. 
lating rods, producing no gas. In sections of the gallbladder there were fragments 
of amorphous yellow reddish orange material outside of the mucosa, Possibly 
cholesterol; there was none in the mucosa. 


Doc 161.—Stone 7293, weighing 0.83 Gm., was fixed in the fundus. Cholecys. 
tographic examination after three months showed filling with questionable stone. 
Convulsions developed after four and one-half months, and the animal died. 

Post mortem, adhesions were found between the gallbladder and the omentum, 
The gallbladder contained green bile and two small fragments of stone, weighing 
0.26 Gm., which corresponded to a decrease of 68.7 per cent, or 4 mg. per day. 


Doc 100.—Stone 1239, weighing 0.82 Gm., was fixed in the fundus. Cholecysto- 
graphic examination after three months showed filling with questionable shadow 
of a stone. Cholecystographic examination after twelve months showed filling 
without stone. The animal was killed after thirteen months. 

Post mortem, the gallbladder was not dilated; it contained 20 cc. of dark green 
bile and no stones. The bile culture showed no growth. 


Doc 154.—Stone 1239, weighing 0.58 Gm., broke into four pieces while being 
introduced into the gallbladder. No attempt was made to fix these in the fundus, 
The animal died fifteen days after operation. 

Post mortem, bronchopneumonia was presert in both lungs. Few adhesions 
were present between the gallbladder and the omentum. The gallbladder was not 
dilated; it contained green bile and four stony fragments, which weighed a total 
of 0.21 Gm. This corresponds to an increase in weight of 63.8 per cent, or 25 mg. 
per day. 


Doc 160.—Stone 1239, weighing 0.75 Gm., was used. The gallbladder was 
previously diseased; it was shrunken to the size of 0.5 by 3 cm. and contained 05 
cc. of bile. The stone broke, on being inserted, into many pieces, which filled the 
gallbladder entirely. On cholecystographic examination after three months and 
after eleven months there was no visualization. The animal was killed after 
eleven and one-half months. 

Post mortem, the appearance of the gallbladder was similar to that at operation. 
The gallbladder contained a few drops of bile and no stones. The bile culture 
showed gram-negative rods growing in small alpha hemolytic colonies. 


Doc 164.—Stone 1239, weighing 0.66 Gm., was fixed in the fundus. On chole- 
cystographic examination after three months visualization was doubtful. On 
cholecystographic examination after eleven and one-half months there was visuali- 
zation without stone. The animal was killed after twelve months. 

Post mortem, there were adhesions between the gallbladder and the duodenum. 
The gallbladder contained thick brown bile and a small amount of black sediment 
but no stones. The bile culture showed no growth. The gallbladder on section 
disclosed slight diffuse lymphocytic infiltration; it was practically normal. 


Doc &82.—Stone M., weighing 2.48 Gm., was fixed in the fundus. Cholecysto- 
graphic examination after three months showed filling with no shadow of a stone; 
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cholecystographic examination after twelve months, filling without stone. The 
animal was killed after twelve and one-half months. 

Post mortem, adhesions were found between omentum, gallbladder and duo- 
denum. The gallbladder and ducts were slightly dilated, with thickened walls 
(about 4 mm.). The gallbladder contained 20 cc. of thin yellow-brownish bile and 
no stones. The bile culture showed aerobic gram-positive sporulating rods. In 
microscopic sections the gallbladder was about normal and the liver hyperemic. 


Doc 478.—Stone 4065, weighting 2.43 Gm., was fixed in the proximal part of 
the gallbladder near the neck. On cholecystographic examination after seven 
months there was visualization without stone. The animal was killed after 
eight and one-half months. 

Post mortem, there was thick green bile in the gallbladder; no stones were 
recovered. The bile culture revealed no growth. Sections of the gallbladder 
disclosed a trace of pigment deposition in the base of mucous membrane folds; 
otherwise the gallbladder was normal. 


Doc 479.—Stone 3865, weighing 0.88 Gm., was fixed in the proximal part of 
the gallbladder near the neck. On cholecystographic examination after seven 
months there was visualization without stone. The animal was killed after seven 
months. 

Post mortem, the gallbladder was slightly dilated and contained dark green 
bile and no stones. The bile culture showed no growth. Sections of the gallbladder 
showed the wall somewhat thickened and a good deal of lymphocytic infiltration 
throughout. 

Doc 480.—Stone 4376, weighing 0.5 Gm., was fixed in the proximal part of 
the gallbladder near the neck. The animal was killed after five weeks. 

Post mortem, the gallbladder was not dilated; it contained green bile and several 
small stones, weighing 0.116 Gm. This corresponds to a decrease of 76 per cent, 
or 11 mg. per day. 

RESULTS 

In 6 of 13 experiments the stones were dissolved entirely. It cannot 
be decided with certainty just when the solution was completed. 
Cholecystograms taken after three months showed the presence of the 
stone in 2 dogs (82 and 106), while the doubtful visualization in 2 
others (106 and 164) makes it questionable whether the stones were 
still present at that time. 

In dog 154 the stone was decreased to 63.8 per cent after fifteen 
days, when the animal died. Considering the rate of decrease, it is 
likely that the stone would have been dissolved entirely had the animal 
lived longer. Similar conditions were present in dog 480. Both of 
these experiments therefore will be included in the series of rapid 
absorption. 

In 5 dogs stones could be recovered. Of these, four had decreased 
at a slow rate, and one stone (dog 153) showed increase in weight. 
It seems important that the gallbladder after three months was visualized 
in 6 of 9 cases and after eleven and one-half to twelve months in 8 of 9. 
This shows a restoration of function of the gallbladder in a high per- 
centage of cases. 
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The moderate damage done to the gallbladder was also obvious from 
the pathologic examination. Only one gallbladder (dog 479) on micro- 
scopic examination revealed chronic inflammation, while all the others 
examined appeared normal. Bile culture showed no _ significant 


organisms. ae 
In all the cases in which stones were recovered, the original stone 


was found to be broken up into several fragments, which were floating 
freely in the gallbladder. In only 1 case (dog 121) had these fragments 


remained in the fundus. 

None of the roentgen pictures of the stones after implantation showed 
calcification, nor did chemical analysis reveal an appreciable change in 
calcium content before and after implantation. 

The other constituents, however, showed a more consistent change. 

Stones which were high in cholesterol (stones 1239, M, 4065, 3865 
and 4376) were either dissolved completely or were reduced in weight 
so quickly that complete solution would probably have occurred had 
the animals remained alive much longer. 

On the other hand, when stones showed a low initial level of 
cholesterol (stone 7293, possibly 6189—not examined) they were 
reduced in weight slowly, and in 1 dog (153) even an increase in weight 
took place. 

There also seems to be a relation between pigment content and 
solubility. ‘The stones with high cholesterol had little or no pigment 
and were dissolved quickly, while those with low cholesterol had more 
pigment and showed a slower rate of solution with a relative increase 
in the percentage of pigment. 

It is more difficult to determine the relation between residue and 
solubility. In general high residue (stone 7293) and high pigment are 
associated with slow decrease or increase. 


COMMENT 


Fixation of the stone in the fundus was not accomplished, owing 
either to breaking up of the stone into smaller fragments during intro- 
duction or to slipping away from the fundus because of decrease in size. 

That there is a tendency for human gallstones to dissolve in dog’s 
bile is very obvious from these and other experiments. It appears 
unlikely that mechanical factors play an important part. Though several 
stones were broken up during their introduction into the gallbladder, 
these fragments were then suspended in a comparatively large volume 
of bile, and therefore opportunity for friction was slight. 

Chemical factors seem to play an important part. As shown by 
Pickens and co-workers, dog bile dissolves about four times as much 
cholesterol as human bile. This would seem to explain the solution of 


























































1040 ARCHIVES OF PATHOLOGY 


human stones in dog’s bile. Walsh and Ivy, on the other hand, were 
not satisfied with this explanation, since no solution occurred when 
dilute bile of the dog’s gallbladder or liver bile was used. 

In our group of experiments, however, solution was markedly delayed 
when pigment constituted a considerable fraction of the stone. These 
stones were dissolved much more slowly, and in one experiment an actual 
increase in weight took place. 

Finally, the residue seems to influence the rate of solution. A high 
residue in the original stone apparently slows down the rate of solution 
or even causes the stone to gain weight by accretion of pigment. 

On this basis it may be possible to understand the solution 
phenomena more fully. While it is generally agreed that cholesterol 
stones undergo quick solution in dog’s bile, doubt is expressed about 
stones containing large amounts of constituents other than cholesterol, 
Hansemann stated that the stones used for his experiments consisted 
chiefly of cholesterol but contained also a varying amount of calcium 
and pigment. He found that stones of different composition dissolved 
at about the same rate and concluded that pigment and calcium, held 
in the stone by the cholesterol, were freed when the latter was dissolved. 

While pigment is somewhat soluble in bile, polymerized pigment 
is practically insoluble in any solvent. It is therefore not surprising 
that stones containing a fair amount of these constituents resist solution. 
In fact, it is quite possible that growth of stones in the gallbladder of 
the experimental animal and in the human gallbladder is due in part to 
further apposition of polymerized pigment. 


SUMMARY 


Thirteen human gallstones of known composition and weight were 
introduced into the gallbladders of 13 dogs. Complete solution occurred 
in 8, decrease in weight in 4, increase in weight in 1. The stones which 
were completely dissolved were high in cholesterol and low in pigment 
and residue, while in the others the conditions were reversed. 

From this the following conclusions are drawn: 

The controversy in the literature about the phenomenon of solution 
is due to differences in the composition of the gallstones introduced. 

“Pure cholesterol stones” (i.e., those which are composed mostly 
of cholesterol) are dissolved in dog’s bile. This is due to low initial 
cholesterol content of dog’s bile. 

Pigment and residue stones are not greatly affected in the gallbladder 
of the dog. While pigment is somewhat soluble in dog’s bile, residue 
(polymerized pigment) not only resists solution but may lead to 
additional precipitation of pigment, thus increasing the weight of the 
stone and causing it to grow. 














WAVE MECHANICS IN STRIATED MUSCLE 


XVI. EFFECTS OF EXPERIMENTAL VARIATIONS IN TEMPERATURE 
AND OF MICROCAPILLARITY ON THE CROSS STRIATIONS 
IN MUSCLE 


EBEN J. CAREY, M.D. 


MILWAUKEE 


The physical nature of the microscopic structural changes associated 
with the reversible physiologic contractions and irreversible pathologic 
contractures or rigors of striated muscle is unknown. Alternate nodes 
and internodes in contracting smooth muscle have been interpreted by 


Carey ' as structural expressions of an associated micropressure wave 


mechanics of protoplasmic activity inseparable from the colloidal physical 
and chemical reactions of smooth muscle contraction. Contraction nodes 
in striated muscle similar to those in smooth muscle have been recorded 
by many observers since Bowman’s descriptions one hundred years ago 
(1840). That there are nodes and internodes in certain strong contrac- 
tions of striped muscle induced by thermal, mechanical, chemical and 
electric stimuli comparable to those in smooth muscle have been observed 
by Bowman,” Engelmann,’ Exner,* Rollett,* Heidenhain,® Jordan,’ M. R. 
Lewis,* W. H. Lewis, Ranson and Sams,’ d’Ancona,! Bruno,’* Daven- 


From the Department of Anatomy, Marquette University School of Medicine. 

These investigations were carried on with the aid of a grant for research to 
the Department of Anatomy of the Marquette University School of Medicine by the 
Committee on Scientific Research of the American Medical Association. 

1. Carey, E. J.: (a) Arch. Path. 24:321, 1940; (b) J 114:753, 
1940. 

2. Bowman, W.: Phil. Tr. Roy. Soc., London (pt. 2) 130:457, 1840. 

3. Engelmann, T. W.: Arch. f. d. ges. Physioh 26:531, 1881; 18:1 and 151, 
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port and Ranson,’* Dahlgren,** Wachholder,*® Freund and Riickert,?® 
Hiirthle,”’ Ernst and Kellner,** Speidel,*® Meneely *° and many others. 
These nodes are either reversible or irreversible, and they occupy either 
a whole or a part of the cross-sectional area of the muscle fiber. The 
chemical and physical significance of these alternate nodes and internodes 
in striated muscle during strong spasm or rigor is unknown. 


Persons who die of typhoid fever have what Zenker ** called waxy 
hyaline degeneration of the myoplasm of the fibers of the human rectus 
abdominis muscle. It was concluded by Forbus ** that the cause of the 
hyaline nodes observed in muscle after death during the 1928 influenza 
epidemic is unknown. Opaque waxy nodes appearing in the injured 


13. Davenport, H. K., and Ranson, S. W.: Arch. Surg. 21:995, 1929. 

14. Dahlgren, U.: Science 79:300, 1930. 

15. Wachholder, K.: Arch. f. d. ges. Physiol. 226:255, 1930. 

16. Freund, H., and Riickert, W.: Arch. f. exper. Path. u. Pharmakol. 157: 
122, 1930. 

17. Hiirthle, K.: Arch. f. d. ges. Physiol. 237:585, 610 and 637, 1931. 

18. Ernst, E., and Kellner, B.: Ztschr. f. Zellforsch. u. mikr. Anat. 25:377, 1937. 

19. Speidel, C. C.: (a) Am. J. Anat. 62:179, 1938; (b) 65:471, 1939. 

20. Meneely, G. R.: Annual Report of the Mt. Desert Island Biological 
Laboratory, 1932; Anat. Rec. 75:39, 1939. 

21. Zenker, F. A.: Veranderungen der willkiihrlichen Muskeln im Typhus 
abdominalis, Erlangen, A. E. Junge, 1863; Leipzig, F. C. W. Vogel, 1864. 

22. Forbus, W. D.: Arch. Path. 2:318 and 486, 1926. 








EXPLANATION OF Ficures 1, 2 Anp 3 


Rectus abdominis muscles of summer frogs (Rana pipiens) after the non- 
anesthetized entire animals with skin intact had been subjected to temperatures of, 
respectively, 45 C. for ten seconds (fig. 1), 22.5 C. for thirty minutes (fig. 2) and 6 
to 10 C. for seven days (fig. 3); « 850. At 45 C. the average length of muscle 
fibers (fig. 1) is 4.2 mm. with a mean of 12,395 dark and light bands, whereas 
at 22.5 C. (fig. 2) the average length is 5.1 mm. with a mean of 4,123 dark and 
light bands. There are about three times more cross striae at 45 C. than at 
22.5 C., and in places there are five times more at the higher than at the lower 
temperature. Prolonged cooling of the entire frog (fig. 3) results in progressive 
granulation and loss of mechanical transverse alinement of the colloidal particles 
of the myoplasm. The evidence is conclusive that an adequate temperature is 
necessary in the frog for specific structural orientation of muscle striae. The 
muscle has been fixed in situ, excised and sectioned, 8 microns thick, and prepared 
with iron-hematoxylin and erythrosin stain. The passively retracted fibers (fig. 1) 
are festooned in waves, in contrast to the contracted, wide fibers with finely spaced 
cross striae. The histologic effect on the muscle striae of a lethal injection of 
strychnine sulfate is comparable to that of a sudden elevation in temperature to 
45 C. for ten seconds (fig. 1). 
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Figures 4, 5 and 6 
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muscle fibers of the tongue of the frog were considered by both Weihl ** 
and Thoma ** as due to the phenomenon of optical interference caused by 
very fine and compact muscle striations. These may even give a homo- 
geneous aspect to the cytoplasm of the striated muscle fiber. Fletcher and 
Hopkins ** proved that heat accelerates the appearance of lactic acid 
during muscle heat rigor. Wells,** by the application of lactic acid to 
striated muscle in vitro and in vivo, caused structural changes resembling 
Zenker’s waxy degeneration. Recently the heats of other chemical reac- 
tions besides the production of lactic acid from glycogen have been 
suggested by Lundsgaard,** McCullagh, Meyerhof and Schulz,?* and 
Smith.2® Profound internal structural alterations are associated, there- 
fore, with changes in the chemical reactions of muscle. All of the 
chemical reactions, however, associated with the mechanical energy 
of the physiologic contraction of striated muscle are unknown. 


During a simple muscle twitch, according to Buchtal *° and Bernal,** 
the Q band narrows and the J band broadens in both isotonic and 
isometric contractions. Speidel*® stated, however, that the Q band 
broadens and the J band narrows during weak muscular twitches. This 


23. Weihl, W.: Virchows Arch. f. path. Anat. 61:253, 1874. 

24. Thoma, R.: Virchows Arch, f. path. Anat. 186:64, 1906. 

25. Fletcher, W. M., and Hopkins, G.: J. Physiol. 35:16, 1906. 

26. Wells, H. G.: J. Exper. Med. 2:1, 1909. 

27. Lundsgaard, E.: Biochem. Ztschr. 217:162, 1930. 

28. McCullagh, R.; Meyerhof, O., and Schulz, W.: Arch. f. d. ges. Physiol. 
224:230, 1930. 

29. Smith, E. C.: Proc. Roy. Soc., London, s.B 107:214, 1931. 

30. Buchtal, O.: Skandinav. Arch. f. Physiol. 73:163, 1936. 


31. Bernal, J. D.: A Speculation on Muscle, in Perspectives in Biochemistry, 
London, Cambridge University Press, 1938, p. 45. 








EXPLANATION OF Ficures 4, 5 AND 6 


Indirect wing muscles of summer honey bees (Apis mellifera) after the entire 
animals had been subjected to temperatures of, respectively, 45 C. for two 
seconds (fig. 4), 22.5 C. for one hour (fig. 5) and 6 to 10 C. for five days 
(fig. 6); x 850. There are widely spaced coarse dark Q bands at 22.5 C., 
between which the dark fine Z bands are evident. At 45 C. there is uniform fine 
dark and light banding without the periodic emphasis on a broad Q band. There 
is a loss of the transverse striae after the entire animal is subjected to a tem- 
perature of from 6 to 10 C. over a period of five days. Irregularly spaced 
granules replace the cross striae. In the honey bee, therefore, an adequate tem- 
perature is necessary for the maintenance of the transverse alinement of the colloidal 
particles of the myoplasm. The figure shows frozen sections, 8 microns thick, 
photographed immediately after sectioning and without subjection to chemical 
fixative or stains. 
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Figures 7, 8, 9 and 10 
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is the reverse of what was recorded for muscular twitches by Buchtal. 
In both pathologic and physiologic contractions there are reversible 
changes in the relative widths of the dark Q and light J bands. Jordan * 
stated that during muscular contraction the Q band splits into two parts. 
These migrate in opposite directions toward the Z band, which is con- 
sidered by Jordan as a constant morphologic feature of genuine cross- 
striated muscle. The approximation of the two half Q bands to the Z 
bands forms what Jordan calls the contraction band. The shuttle-like 
shift of the two half Q bands toward and away from the Z band is the 
structural change of the cross striae accompanying contraction and 
relaxation, respectively, according to Jordan. Speidel’® correctly 
observed, however, that the Z band is inconstant and appears in stimu- 
lated muscle. The appearance of the Z bands and the cleavage of Q 
bands are evidence of a multiplication of muscle striae during variable 
degrees of muscle contraction. The physical significance of these micro- 
scopic structural changes of the muscle striae is unknown. 

The object of this paper, therefore, is to present experimental evidence 
that points to an associated micropressure wave mechanics of alternate 
regions of condensation and rarefaction structurally expressed in muscle 
as variable striae during physiologic contraction and expressed as nodes 
and internodes during pathologic rigors and spasms. The micropressure 
waves are inseparable from the colloidal physical and chemical reactions 
in active protoplasm confined in microcapillary fibers that orient the 
cross striae. 


32. Jordan, H. E.: Physiol. Rev. 13:301, 1933. 











EXPLANATION OF Ficures 7, 8, 9 ANp 10 


Rectus abdominis muscles of winter frogs (Rana pipiens) after the entire 
animals had been subjected to various temperatures. Deep muscle fiber (fig. 7) and 
the internode of a superficial muscle fiber in the same muscle are shown (fig. 8) 
after subjection of the animal to a temperature of 37 C. for ten seconds; x 800. 
There is a fine multiplication of striae throughout the deep muscle fiber (fig. 7) with 
round, compressed, pyknotic nuclei and fine beats of dark and light striae with- 
out evidence of a Z band. On the other hand, the internode of the superficial muscle 
fiber (fig. 8) has a greatly stretched nucleus, five times longer than those in 
the deep one (fig. 7). The stretched internode has coarse dark Q bands and light 
J bands with intermediate Z bands. At 20 C. (fig. 9) there is a more uniform 
displacement of dark and light bands. The nuclei are oblong and wide with 
granular cytoplasm. There is faint evidence of Z bands at the right in the inter- 
mediate region. After three days at a temperature of 6 to 10 C. the muscle fiber 
manifests the beginning of the irregular granular replacement of the cross striae 
(fig. 10). It is clearly evident that the cross striations are not Constant morphologic 
structures but are influenced in number and pattern by the degree and duration 
of variations of temperature. 
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Figures 11, 12 and 13 
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The present great confusion regarding the constancy or inconstancy 
of muscle striae warrants a complete restudy of the internal structure 
of striped muscle. Jordan ** has claimed that all genuine cross-striated 
muscle fibers have a fixed unit of internal structure called the sarcomere. 
This sarcomere is assumed to possess two terminal membranes called 
telophragmas or Z membranes. The bands of the hypothetic sarcomere 
are labeled alphabetically as follows: Z, J, Q, J, Z. Confusion of 
thought has been the result of the prejudice that muscle has a fixed 
unit of structure. The complexity of the subject is great, and there 
is no other way of clarification than by the presentation of incontestible 
and conclusive objective photomicrographic evidence of the high degree 
of variation in the muscle striae in response to variations in temperature, 
which affect the rate of oxidative chemical changes. Apparently abundant 
photomicrographic evidence is needed, and is superior to free hand 
drawings of visual impressions. With this evidence on record, other 
observers may make their own interpretations and ignore mine. Free 
hand drawings, on the other hand, are worthless as evidence in the 
present controversy. They are bound to reflect the prejudices of good 
observers, and this does not exclude either Jordan or Speidel. 


MATERIALS AND METHODS 


Seventy nonanesthetized winter frogs (Rana pipiens) with skin intact are sub- 
jected to different degrees of temperature (from 17 to 45 C.) for variable periods 


33. Jordan, H. E.: Am. J. Anat. 63:221, 1938. 








EXPLANATION OF Ficures 11, 12 anp 13 


Sections of the rectus abdominis muscle of the winter frog (Rana pipiens) after 
the skinned animal had been subjected to a temperature of 37 C. for ten seconds. 
Near the surface of the muscle (figs. 11 and 12) there is observed irregular 
turbulence; x 1,200. This turbulence becomes more marked when the temperature 
is suddenly elevated for a short period of time to 40 C. (figs. 38 and 39). The 
internode (fig. 12) has definite increase of longitudinal fibrillation of the myoplasm. 
The Z bands are clearly observed within the light J bands. There are a greater 
number of nuclei floating in the cytoplasm of the muscle of the winter, in contrast 
with the spring and summer, frog. Mild contraction twitches are evident in the 
structural changes of the muscle fibers within the interior of the muscle. There 
is a transition (fig. 13) between the relative amounts of the dark and light bands 
during mild contraction changes. With increasing intensity of a contraction there 
is a multiplication of the cross striae manifested by the appearance of Z bands, 
the cleavage of Q bands and other accessory bands. There are no Z bands in the 
middle muscle fiber (fig. 13). There is a vernier shift of the dark striae to 
the right in the figure. The multiple nuclei in the muscle fibers of a winter 
hibernating frog serve as excellent indexes of zones of pressure and tension. These 
are the two components of a longitudinal compression wave associated with the 
chemical reactions in living protoplasm. 
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Figures 14, 15, 16, 17, 18 and 19 


(See legend on opposite page) 
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of time (from one day to five seconds). There are more nuclei floating in the 
myoplasm of the muscle fibers of the winter than of the summer frog. These 
nuclei serve as an excellent index of the chemical compression waves of alternate 
regions of condensation and rarefaction. The nuclei are compressed in the nodes 
of condensation and tensed or stretched in the internodes of rarefaction. This 
microscopic nuclear index of the components of the longitudinal waves of pressure 
js lacking in the summer frog, in which the nuclei are few in number and those 
present are flattened and compressed against the sarcolemma. The object of using 
intact frogs is to contrast the structural changes in muscle when the skin and 
nervous system are intact with those produced when heat is applied directly to 
the rectus abdominis muscle in skinned frogs. 

The frog is tied on a glass plate in extension, with its back in contact with the 
plate. A midline abdominal skin incision is made with right angle incisions above 
and below the attachments of the recti abdomini muscles. The glass plate with 
the tied frog is dipped into Locke’s solution at a specific temperature for a certain 
time. Two lateral openings are made into the abdominal cavity near the spine 
for the ready entrance of fixative fluid. Some of the muscles are sectioned imme- 
diately after freezing. Others are fixed intact in the animal by placing the frog 
attached to the glass plate either in solution of formaldehyde U. S. P. diluted 
1:10, for twenty-four hours, or in Bouin’s fluid at 10 C. The fixed recti 
abdomini muscles are excised, dehydrated in alcohol, cleared in xylene, embedded 
in paraffin and cut in serial sections, both cross and longitudinal, at 4 to 8 microns. 
The sections are variously stained, but either iron-hematoxylin and eosin or hemalum 
and erythrosin give good uniform results. Excellent fixation is obtained by treat- 
ment with 9 parts of absolute alcohol and 1 part neutral solution of formaldehyde 
U. S. P. diluted 1:10, for twelve hours at 6 to 10 C. Fletcher and Hopkins 25 
demonstrated that alcohol at 10 C. inhibited the survival generation of lactic acid 
in excised muscle. 

Fifty summer frogs are maintained at a temperature of 6 to 10 C for one day 
to two weeks. The effects of artificial hibernation on recti abdomini muscles for 
variable periods of time are studied microscopically by the technical miethods 
just outlined. 

The indirect wing muscles of the honey bee are studied in frozen and paraffin- 
prepared serial sections after their subjection to the following temperatures: 100 








EXPLANATION OF Ficures 14, 15, 16, 17, 18 anp 19 


Rectus abdominis muscle fibers of the winter frog (Rana pipiens) after the 
skinned animal had been subjected to a temperature of 38 C. for ten seconds, as 
observed in ordinary light (fig. 14) and in polarized light (fig. 15); x 327. The 
biconcave contraction node is strongly anisotropic (fig. 15). The internode has 
isotropic J bands and weak anisotropic Q bands. The contraction-compression 
waves of nodes and internodes are observed in the gizzard muscle of the pigeon 
(Columba domestica) in ordinary light (fig. 16) and in polarized light (fig. 17) ; 
X 327. The nodes are strongly anisotropic; the internodes, isotropic, and weakly 
anisotropic. The contraction-compression waves of nodes and internodes are 
observed in the smooth inner muscle layer of the colon of the guinea pig (Cavia 
cobaya) with ordinary light (fig. 18) and with polarized light (fig. 19); x 327. 
The nodes are strongly anisotropic; the internodes, weakly anisotropic and, in 
places, almost isotropic. 
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Figures 20, 21, 22, 23, 24 and 25 


(See legend on opposite page) 
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bees at 40 C. from one to sixty seconds; 75 bees at 22.5 C. for two days; 100 bees 
at 6 to 10 C. for one to ten days. 

The external surface of the exposed and attached rectus abdominis muscle, 
with blood supply intact, is observed under Ringer’s solution for variable times 
and at temperatures from 6 to 45 C. with the Ultrapac microscope and water 
immersion lenses. The frog is tied on the glass plate as described before observa- 
tion begins. Direct observations are made of the structural changes in the striae 
of living muscles. Only those changes of the cross striations near the surface of 
the muscle fiber may clearly be made out. When either the propulsive or the non- 
propulsive peristaltic-like nodes in a striated muscle fiber are produced by heat, 
there is an apparent mechanical approximation of muscle striae. These structural 
changes in the cross striae are so fleeting and elusive that only fixed serial 
sections of different stages and degrees of muscle activity reveal the fact of 
striae multiplication. Both direct visual and moving picture observations of surface 
changes occurring within a muscle fiber are inferior to the serial sectioning method 
in an attempt to reveal the exact nature of the changes from coarse relatively 
resting striae into the fine nodal striations of hyperactivity. One further criticism 
of certain recorded observations made on living muscle striations is the fact that 
the muscles are under the influence of an anesthetic agent. 

Ten per cent gelatin liquefied by heat plus 0.5 per cent sodium iodide is drawn 
by capillary action into microcapillary glass tubules of 25 to 100 microns inside 
diameter. After the gelatin has set, the glass tubules, 1 to 2 inches (2.5 to 5 cm.) 
long, are placed in 10 per cent silver nitrate. Very fine cross striations of silver 
iodide are produced in the tubule by chemical action. Chemical composition, 
concentration, heat and light influence the spacing of the precipitation bands. The 
nature of the gel is a secondary scaffold that maintains the bands for a certain 
time. The gel probably enters into the reaction because the bands produced in 
gelatin, starch and agar agar are different in spacing. When 0.5 per cent sodium 
chloride is used instead of 0.5 per cent sodium iodide, the silver chloride bands 
in the gelatin are coarser and more widely spaced than those of silver iodide. 
The heat of precipitation is higher with silver iodide than with silver chloride. The 








EXPLANATION OF Ficures 20, 21, 22, 23, 24 ann 25 


Sections of the rectus abdominis muscle of the winter frog (Rana pipiens) after 
the skinned animal had been subjected to a temperature of 38 C. for ten seconds; 
X 163. The muscle is serially sectioned and alternate sections are microincinerated 
(fig. 20) and contrasted with the next serial section (fig. 21). The inorganic 
ash is dominant in the Q bands and in the irregular nodes. The internodes and 
the J bands are relatively free from inorganic ash. The contraction-compression 
waves in the gizzard of the pigeon (Columba domestica) (figs. 22 and 23) and 
the inner smooth muscle layer of the colon of the guinea pig (Cavia cobaya) 
(figs. 24 and 25) are studied in microincinerated sections (figs. 22 and 24) and 
in ordinary sections (figs. 23 and 25); x 245. There is a mobilization of the 
inorganic ash in the nodes like that in striated muscle, with relatively ash-free 
internodes. The inorganic ash therefore is not fixed into permanent partitions 
of the muscle. It is free to be mobilized into nodes, depending on the speed of 
the chemical changes determined by the temperature. The spacing of muscle striae 
and nodes appears to be associated with the specific composition and concentration 
of the chemical reactions inside the microcapillary muscle fiber. 











ARCHIVES OF PATHOLOGY 





Figures 26 and 27 


(See legend on Opposite page) 











CAREY—WAVE MECHANICS IN STRIATED MUSCLE | 1055 


spacing of these bands of precipitate agrees with that in the short end of the infra- 
red heat spectrum. A complete study of these Liesegang ** and muscle pressure 
waves (Carey *») is reserved for publication in the near future. These periodic 

sical and chemical precipitates have been studied by Hardy,*5- Ostwald,*¢ 
Hatschek,** Bradford,** Kiister,3° Hughes,#° Hedges,*! Raman and*Subbaramiah,*? 


Doyle and Ryan,** Lloyd and Moravek,** and many others. 5 bs >, 


MICROSCOPIC RESULTS 


Heat transmitted indirectly to muscle through the intact skin, sensory 
and motor nerves for short durations of time produces generalized multi- 
plication (fig. 1) of fine cross striae, closely spaced. The muscle fibers 
of the rectus abdominis muscle of the frog vary from 4 to 5.2 mm. in 
length between the connective tissue inscriptiones tendineae to which 
the segmental muscles are attached. In the muscle fiber at 22.5 C. 





34. Liesegang, R. E.: Naturwiss. Wchnschr. 11:353, 1896; Die Achate, Dresden, 
Theodor Steinkopff, 1915; Naturwissenschaften 18:645, 1930. 


35. Hardy, W. B.: J. Physiol. Chem. 4:254, 1900. 


36. Ostwald, W.: Die Welt der vernachlassigten Dimensionen, ed. 10, Dresden, 
Theodor Steinkopff, 1927. 


37. Hatschek, E.: Biochem. J. 14:418, 1920. 
38. Bradford, S. C.: Biochem. J. 14:430, 1920. 


39. Kiister, E.: Ueber Zonenbildung in kolloidalen Medien, ed. 2, Jena, Uni- 
versity of Jena, 1931. 


40. Hughes, E. B.: Biochem. J. 28:1086, 1934. 


41. Hedges, E. S.: Liesegang Rings and Other Periodic Structures, London, 
Chapman & Hall, 1932. 


42. Raman, C. V., and Subbaramiah, K.: Nature, London 142:355, 1938. 
43. Doyle, R. J., and Ryan, H.: Proc. Roy. Irish Acad. 38:435, 1929. 


44. Lloyd, F. E., and Moravek, V.: Plant Physiol. 3:101, 1928; J. Physiol. 
Chem. 35:1512, 1931. 








EXPLANATION OF FiGuRES 26 AND 27 


Sections of the rectus abdominis muscle of the winter frog (Rana pipiens) 
after the entire animal had been subjected to a sudden elevation in temperature 
from 18 to 38 C. for five seconds in Locke’s solution; x 750. The actively 
contracted muscle fibers have a dark stain, fine striations and oblong pyknotic nuclei 
with serrated surfaces (fig. 26). These serrations correspond to the overlying 
cross striations. The lower muscle fiber (fig. 27) has an especially well serrated 
oblong nucleus. The indentations in the nuclei correspond to the overlying 
compression waves expressed as cross striae. The lightly stained intermediate 
muscle fiber is retracted passively into transverse waves by the surrounding, actively 
contracted muscle fibers. The differential dark and light staining appears to be 
related to differences in either the chemical composition or the concentration in the 
muscle fiber. 
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Figures 28, 29 and 30 


(See legend on opposite page) 
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(fig. 2) there is a mean average, of five hundred counts, of 397 dark and 
light bands per millimeter of length of the muscle fiber, whereas the 
average of five hundred counts of the muscle fiber at 45 C. for ten 
seconds is 1,124 dark and light cross striations per millimeter of length. 
These fine bands extend throughout the entire length of the muscle 
from one attachment to the other and are not in local nodes. Contracted 
and noncontracted fibers are found intermingled in all muscles at these 
temperature ranges and time durations. Mechanical manipulation is 
reduced to a minimum by fixing the muscle in situ. It is impossible, 
however, to obtain serial sections of muscles with all of the fibers fixed 
in the same degree of activity and possessing the same number of dark 
and light bands. There is loss of the transverse orientation of the colloidal 
particles in the muscle fiber after the frog has been subjected to a temper- 
ature of 6 to 10 C. for seven days. With the turbulence caused by 
temperatures from 40 to 45 C. (figs. 38-39) there is a sudden granular 
replacement of the cross striae. The appearance of granulation of the 
muscle colloid during artificial cooling is more gradual at lower than 
at higher temperatures. There is an optimum temperature range, there- 
fore, for the appearance and maintenance of the cross striations. The 
effect of a lethal injection of 0.5 cc. of 0.5 per cent strychnine sulfate 
into the frog (Rana pipiens) on the number of cross striations found in 
a muscle suddenly frozen during convulsive tonic contractions is quite 
similar to that caused by a temperature of 45 C. acting for ten seconds 
(fig. 1). These observations on the effect of temperature on the muscle 
cross striae are confirmed on the indirect wing muscle of the honey 
bee (figs. 4, 5 and 6). Observations on both the honey bee and the 








EXPLANATION OF Ficures 28, 29 anp 30 


Figure 28 is a photomicrograph of a water drop with biconcave edges in the 
lumen of a capillary glass tubule; x 25. The rectus abdominis muscle of the winter 
frog (Rana pipiens) has a biconcave dark-stained node with round, dark, compressed 
nuclei and fine striae, in contrast with the light-stained internode, which has 
elongated nuclei and coarse dark and light striations. “The lower muscle fiber 
(fig. 29) does not possess superimposed nodes and internodes on the cross striae; 
X 300. The influence of microcapillarity in the production of nodes with biconcave 
edges is evident in those muscle fibers (fig. 30, X 300) that were directly stimulated 
by suddenly submerging the skinned winter frog (Rana pipiens) in Locke’s solution 
at 38 C. for ten seconds. Microcapillary molecular pressure results in biconcave 
edges in the contraction node when developed to an adequate degree by the influence 
of the sarcolemma of the microcapillary muscle fiber. The differential dark nodal 
and light internodal stain and spacing of the cross striae are associated with 
chemical changes in the muscle fiber. There appears to be an intimate association 
between the chemical reactions within the microcapillary muscle fiber and its 
morphologic structure. 
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Figures 31, 32, 33 and 34 


(See legend on opposite page 
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frog are made on the animal in the living state and on frozen sections 
and serial sections of fixed muscle. 

Serial condensed pressure nodes and alternate rarefied tensional 
internodes of contraction compression waves are found under adequate 
conditions of direct heat stimulation in the striated, transitional gizzard 
and smooth intestinal muscle fibers. The compressed nodes are strongly 
doubly refractive (anisotropic) whereas the internodes are weakly 
anisotropic and in places isotropic (figs. 10 to 15 inclusive). After 
microincineration (figs. 16 to 21 inclusive) the nodes are observed to be 
strongly ash bearing, whereas the internodes are relatively ash free. 
This freedom of mobilization of inorganic salts is evidence against the 
presence of rigid, fixed and constant Z membranes that are assumed to 
divide striated muscle into permanent structural units or compartments 
currently designated by the name “sarcomere.” The dark Q bands of 
normal striated muscle are ash bearing whereas the light J bands are 
ash free. This confirms the observation of Scott.* 

When the exposed intact rectus abdominis muscle is directly and 
suddenly stimulated by Locke’s solution at 17 to 37 C. for ten seconds, 
there is found a variety of effects. The external superficial muscle 
fibers are more strongly contracted than the internal and deep ones. A 
slight turbulence of the cross striae in certain superficial fibers (fig. 7) 
is observed. In places there are nodes and internodes. In the stretched 
internode (fig. 8) there is observed the Q, J, Z, J, Q pattern. In certain 
deep muscle fibers a more mild contraction of the muscle fibers is 
observed (fig. 9). There is a transition zone in which a variation of 
the relative amount of space occupied by Q and J bands is detected. 


45. Scott, G. H.: Compt. rend. Acad. d. sc, 190:1073, 1930; Am. J. Anat. 
§3:243, 1933. 











EXPLANATION OF Figures 31, 32, 33 AND 34 


Figure 31 is a photomicrograph of a drop of 0.5 per cent lactic acid stained 
with erythrosin within the lumen of a capillary glass tubule; «x 40. The drop is 
biconcave and has a longer edge along the glass wall on its upper than on its lower 
side. This asymmetry of the liquid drop in the glass tubule is likewise evident in 
certain of the nodes and internodes (figs. 32 and 33, « 750, and 34% x 400) of the 
rectus abdominis muscle of the skinned winter frog (Rana pipiens) after the skinned 
animal was subjected to a sudden elevation in temperature from 18 to 38 C. for 
five seconds in Locke’s solution. This sudden direct stimulation of the intact 
rectus abdominis muscle by elevation of temperature results in the segregation of 
compact nodes rather than the more uniform multiplication of cross striae through- 
out the interior of the muscle fiber by the mediation of the sensory and motor 
nervous system. The differential spacing of the striations and the deformations of 
the nuclei are clearly evident in the nodes and internodes of a single muscle fiber. 
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Figures 35, 36 and 37 


(See legend on opposite page) 
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There are neither Z bands nor doubling of Q bands in this muscle fiber. 
The constant presence of Z bands is not necessary to identify a genuine 
striated muscle fiber. The Z band is not a sine qua non, therefore, of 

wine cross-striated muscle. The pressure nodes in the contraction 
waves of the striated muscle fiber, therefore, have differential staining 
indicative of physical and chemical protoplasmic changes, wide diameter, 
condensed cytoplasm, rounded compressed nuclei, multiplication of 
closely spaced fine striae by changes in chemical composition and con- 
centration, increase of mineral ash content and anisotropy. The tension 
internodes have usually a narrower diameter than the nodes, rarefied 
fibrillated cytoplasm under the influence of mechanical stretch, greatly 
elongated nuclei, widely spaced coarse striae and a decrease of mineral 
ash content and anisotropy. The myoplasm in places is isotropic in the 
internode in all types of muscle. These histologic observations agree with 
the physiologic observations on muscle contracture recorded by 
Gasser.*® 

The nodai nuclei are rounded, oval, dumbbell and arrow-head in 
shape and deeply stained. In the internodes the nuclei are elongated 
and segmented by granules (figs. 30, 34 and 37). A single nucleus may 
have many deformations depending on the way it straddles a node, an 
internode or parts of each node of the striped cytoplasm. These differen- 
tial deformations of the nuclei are related to the spatial distribution of 
the striped cytoplasm into zones of condensation compression and rare- 
faction tension, respectively. The nuclei appear to be passive and are 
deformed by the active cytoplasmic pressure waves associated with 
the chemical changes of metabolism. 


The average of four hundred measurements of the nuclei in the intact, 
fixed and relatively resting rectus abdominis muscle of the winter frog 


46. Gasser, H. S.: Physiol. Rev. 10:35, 1930. 











EXPLANATION OF Ficures 35, 36 AND 37 


Photomicrographs of five single muscle fibers from the rectus abdominis muscle 
with nodes and internodes of the winter frog (Rana pipiens) after the skinned 
animal was subjected to a direct sudden elevation in temperature from 17 to 37 C. 
for ten seconds in Locke’s solution; «x 750. When the node is placed obliquely to 
the long axis of the muscle fiber (fig. 35), the coarse striae of the internode are 
observed to divide into two, three and four finer striations. This cleavage of coarse 
internodal into fine nodal striations is more clearly observed when the node is 
oblique than when the edges of the node are at right angles (fig. 36 illustrating three 
separate muscle fibers). The node in the lower muscle fiber (fig. 37) has biconcave 
edges and most of the cytoplasm is so condensed that the fine striations are invisible 
except in local areas. When the strong contraction nodes are greatly compressed, 
with homogeneous cytoplasm, the contraction becomes irreversible. 
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Figures 38 and 39 


(See legend on Opposite page) 
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(Rana pipiens) is: 45 microns long and 18 microns wide. The average 
of four hundred measurements of the nuclei in the nodal zones of con- 
densation of heat rigor of striped muscle is: 32 microns long and 25 
microns wide. The average of four hundred measurements of the nuclei 
in the internodal zones of rarefaction of heat rigor of striped muscle 
is: 86 microns long and 9 microns wide. There are, therefore, an 
increase in the length and a decrease in the width of the nuclei in 
the internodai zones of rarefaction or stretch, and a decrease in the 
length and an increase in the width of the nuclei in the nodal zones of 
condensation or pressure, of striped muscle in heat rigor over the 
measurements of the nuclei in the relatively resting striped muscle. 
There is a comparable deformation of the nuclei (Carey*) recorded 
for the nodal and internodal zones of contraction waves in smooth muscle. 

It is evident in certain contracted muscle fibers that the nuclei are 
serrated or periodically indented (figs. 26 and 27). These indentations 
are spatially related to the surrounding cross striae. The noncontracted 
muscle fibers are passively retracted into festoons by the action of the 
related contracted muscle fibers. This passive festooned or wavy appear- 
ance when observed in smooth muscle Jordan called simulacra of cross 
striae. Jordan was unable to differentiate between the phenomenon for 
which he coined the expression “simulacra” and genuine contraction 
nodes in smooth muscle. 

The contraction nodes in certain muscle fibers have biconcave edges 
(figs. 29 and 30). This is comparable to the physical molecular pressure 
effect of capillarity on a drop of water confined in a capillary glass tubule 
(fig. 28). The asymmetry of the acidulated drop of water in a capillary 
glass tubule (fig. 31) and of the nodes of contraction waves in muscle 
fibers (figs. 32, 33 and 34) is clearly evident. 








EXPLANATION OF Ficures 38 AND 39 


Photomicrographs of five single muscle fibers from the rectus abdominis muscle 
illustrating turbulence of the internal structure of the winter frog (Rana pipiens) 
after the skinned animal was subjected to a direct sudden elevation in temperature 
from 18 to 40 C. for fifteen seconds in Locke’s solution; x 750. The dark oblong 
pyknotic nuclei are caught in the irregular nodes produced by turbulence. When 
the intact muscle is directly stimulated in Locke’s solution at 40 C. longer than 
thirty seconds, there is a uniform granular stippling of the entire cytoplasm, with a 
loss of the cross-striated pattern, due to the extreme turbulence produced by 
molecular thermal agitation. In two muscle fibers (fig. 39) the turbulence is 
slightly more regular, as evidenced by the periodic lineation of condensed nodes 
with and without fine striae and an intermediate, internodal rarefied myoplasm 
relatively devoid of cross striations. The nuclei are compressed in the nodes and 
stretched in the internodes. 
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Figures 40, 41, 42, 43 and 44 
(See legend on opposite page) 
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The variable spatial distribution of the particles of any medium 
traversed by standing longitudinal compression waves of two different 
amplitudes in different units of time is schematized (figs. 45 and 46). 
When a certain amplitude (fig. 45) is augmented (fig. 46), the dark 
nodes show increased condensation and decreased width, and the light 
internodes, increased rarefaction and increased length. The changes 
in the relative widths of the dark and light cross striations during a 
simple twitch are explained on the basis of wave mechanics as a variation 
of the amplitude of the chemical compression wave structurally expressed 
as dark and light striae of zones of condensation and rarefaction. 

The various records of different observers as to the structural changes 
occurring in a muscle fiber manifesting different degrees of intensity of 
muscle contraction and rigor are harmonized in the schema (fig. 47). 
These different results of observation of a complex process are not 
mutually exclusive but only different aspects of a fundamental dynamic 
process and are concordant with the theory of variable wave mechanics 
of muscle motion. The theory of wave mechanics is admittedly not in 
accord with the prevalent assumption that there is a permanent and 
constant structural unit in muscle called the sarcomere with omnipresent 
Z bands in all types of genuine striped muscle fibers. 

The apparent shuttle shifting of the semibands of Q observed by 
Jordan is in harmony with an underlying wave mechanics. Jordan * 
clearly expressed his views in the following summary : 


In essence contraction is a matter of the equal division of the dark, stainable 
materials of the Q discs and the movement of the resultant semi-discs in opposite 


47. Jordan,®? pp. 319-320. 








EXPLANATION OF Ficures 40, 41, 42, 43 aAnp 44 


Photomicrographs of silver iodide striations in gelatin in a microcapillary glass 
tubule (fig. 40) and of silver chloride striations in gelatin in a microcapillary glass 
tubule (fig. 44); x 292. The fine striations of silver iodide are associated with 
a higher temperature of precipitation than those of silver chloride. There appears 
to be a relationship between infra-red temperature and the spacing of the striations 
of inorganic salts confined in microcapillary glass tubules. These inorganic striations 
are compared with those in the rectus abdominis of the frog (Rana pipiens) 
indirectly stimulated through the nervous system by submerging the unskinned 
animal in Locke’s solution at a temperature of 45 C. for ten seconds (fig. 41) and 
at 22.5 C. for thirty minutes (figs. 42 and 43); x 621. Chemical composition, 
concentration, heat, light and shape of the container vary the spacing of the 
striations in capillary glass tubules when chemical reactions are produced with or 
without gelatin. The gelatin is not necessary for the production of these striations. 
Various organic and inorganic gels have a secondary effect on the striae. The 
gels supply a structural scaffold for a relatively greater permanence of the salts 
Precipitated in the bands. The various gels may enter into the reaction by physical 
and chemical combinations. 
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direction against the limiting telophragmata of a sarcomere. Relaxation is the 
reversal of this process, the halves of respective Q discs returning to their originally 
bisecting mesophragmata. Thus, two limiting membranes (terminal Z and median 
M), a laterally confining pellicle (sarcostylic membrane) and a dark substance 
(salts of Q) moving through a colloidal clear substance, are the only essential 
morphologic elements involved in contraction. How this shuttle-like movement 
of a dark substance between successive telophragmata effects contraction and 
relaxation would seem to be the central problem of the physiologist in his efforts 
to formulate an adequate explanation of muscle contraction. 


The inconstant appearance of the Z bands may be readily explained, 
however, on the basis of a variable wave mechanics related to the differ- 
ential rates of the chemical changes in muscle. 

The photomicrographic evidence recorded in this paper proves 
abundantly and conclusively that the Z membrane is inconstant and 
cannot be used as a sine qua non in the identification of genuine cross- 
striated muscle. The theory of the sarcomere is thereby untenable. 








EXPLANATION OF FicurEes 45 AND 46 


These diagrams serve to illustrate the disposition of the colloidal particles of 
the same medium when traversed by stationary waves of a certain intensity (fig. 45) 
and when these waves are amplified or increased in intensity (fig. 46) without the 
addition by superposition of short waves. 

Figure 45 is a diagram of movements in successive periods of time in the same 
medium traversed by stationary undulations. The vertical lines in rows 1 to 13 
represent plane surfaces seen edgewise. These are equidistant in the undisturbed 
medium. The same medium is always between the same two vertical lines. The 
lines vibrate harmonically about their mean positions; those at the antinodes (4) 
have the greatest amplitude of vibration, and minimum pressure and temperature ; 
those at the nodes (N) have zero amplitude, and maximum pressure and temp- 
erature. They all cross their mean positions together, but those on opposite sides 
of the same node are moving in opposite directions. In successive lines it is 
apparent that the medium shuttles backward and forward between relatively fixed 
planes, the nodes. 

The fundamental spatial and temporal differences in the distribution of the 
particles of the medium when the latter is traversed by either a progressive travel- 
ing or a stationary system of waves are herein schematized. In the traveling wave 
all parts of the medium move the same distance but at different times. In the 
stationary system of waves all parts of the medium move at the same time but 
different distances. Differences in phase and amplitude of stationary waves are 
reflected in the distribution of the particles of the medium through different distances. 
The nodes are more condensed and the internodes more rarefied when the stationary 
waves are increased in amplification (fig. 46). The diagram (fig. 45a) illustrates 
one specific longitudinal wave amplitude observed in a capillary tube. When the 
amplitude increases (fig. 45b) the dark zones of condensation become thinner 
and the light regions of rarefaction broader than those above (fig. 45a). The 
reversible variations in the relative amounts of the Q and J striae during either a 
simple twitch or a weak contraction of muscle may correspond to variations of 
wave amplitude. These waves will vary with chemical changes 
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COMMENT 
The Sarcomere Is a Morphologic Myth 


Scientific knowledge by definition rather than by direct and experi- 
mental observation is a hindrance rather than an aid to the understanding 
of either a structure or a function. A peculiar scientific curiosity, 
exemplifying knowledge by definition, that has passed from one histo- 
logic textbook to another is the definition of the sarcomere. This 
so-called unit of structure of cross-striated muscle is a pure assumption 
and is based on the frequency with which the Z band is found in certain 
arthropod and certain vertebrate muscles. This assumption totally 
ignores those genuine striped muscle fibers in which the Z bands are 
periodically absent. Credit goes to Jordan, however, for reducing the 














EXPLANATION OF FiGuRE 47 


These diagrams serve to harmonize the variable structural changes of the cross 
striations in a muscle fiber correlated with different degrees of physiologic con- 
tractions and pathologic contractures and rigors. Changes in amplitude of the 
stationary mechanical pressure waves associated with chemical reactions in a 
microcapillary muscle fiber during a simple twitch are reflected in a narrowing of 
the dark band from J to 2 and a relative lengthening of the light band. These 
changes in the relative amount of the dark and of the light band are illustrated in 
figure 13. Both Speidel and Buchthal have observed these changes. During the 
simple isotonic and isometric twitches there are no increases (figs. 1, 2 and 3) of 
the dark and light bands. With further increase in the intensity of the chemical 
changes in response to normal and abnormal stimuli the dark Z band is evident 
bisecting the broad light J band (fig. 4). As the intensity increases there is a 
doubling of the Q band observed by Jordan and others with the apparent shuttle- 
like shift of the two half Q bands between the two Z bands. In strong reversible 
contraction the fine dark and light bands are so evenly and uniformiy spaced that 
the only designation possible for the internal striated structure of muscle is one 
of uniformly spaced fine dark and light bands (fig. 6). During direct stimulation 
of an attached muscle fiber by heat, mechanical, electrical and chemical stimulation 
alternate contraction nodes and internodes appear (fig. 7). When the nodes 
are complete and obliquely placed to the long axis of the muscle fiber, it is evident 
that the fine striations are apparently the division products of the coarse internodal 
striae. The widely spaced coarse internodal striae are apparently structurally 
related to the nodes by a cleavage into two, three and four fine nodal striae. In 
reality the fine striations of the node are the resultants of new chemical reactions in 
the node. This division of coarse into fine striations is better observed in partial 
contraction nodes, where only a part of the cross-sectional area of the muscle fiber is 
in a state of contraction. These striations are associated with the changes in 
chemical composition and contraction in the node in contrast with ‘those in the 
internode. The node may become waxy and homogeneous, comparable to Zenker’s 
waxy degeneration in which the contraction is irreversible and called by, Speidel 
contraction clots (fig. 8). The turbulence due to thermal agitation of the 
molecules and colloidal particles may be so great as to destroy by an explosive 
effect the cross striated internal structure of muscle (fig. 9). 
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notion of the sarcomere to an absurdity. Jordan *** claimed that “these 
three striations (discs Q and J and the membrane Z) constitute a sine 
qua non of genuine striped muscle.” Again Jordan **” assumed that 
“a sine qua non of contraction bands is an associated telophragma 
(Z membrane).” There is no adequate evidence to substantiate Jordan’s 
“law” of a constant structural unit in striped muscle. Jordan discredited 
the work of another if it did not agree with his capricious definitions 
and arbitrary imaginations as to what was genuine and what was 
spurious in striated muscle. If Jordan had studied his own microscopic 
evidence *** illustrating striated muscle in the tail of the frog tadpole, 
he would have found no Z membranes. This tissue, however, was 
designated as genuine cross-striated muscle by Jordan even though it 
did not agree with his definition of genuine striped muscle. It will be 
interesting to observe how Jordan explains this discrepancy, because the 
tadpole can wiggle its tail even if the Z membranes are periodically 
absent and more readily than Jordan can wiggle out of the untenable 
position he now holds regarding the sarcomere as the unit of structure 
of striated muscle tissue. 

Furthermore, Jordan’s colleague, Speidel,*’* correctly stated: “In 
living frog tadpoles the Z-discs are often not discernible even with careful 
scrutiny through an oil immersion lens. They may be brought out 
clearly, however, by inducing a certain degree of slight irritation 
(alcoholic or electrical stimulation).””" This demonstrates that Z bands 
may or may not be present in striped muscle. Speidel *°” concluded, 
however, beyond his objective evidence that “the resting or relaxed type 
of sarcomere organization is characterized by Q, J and Z discs.” This 
erroneous conclusion of Speidel shows the prejudicial effect of knowledge 
by definition on an otherwise excellent observer. The misleading notion 
that there is a constant unit of structure in striped muscle called the 
sarcomere has led certain observers to ignore the absence of the Z bands 
in certain muscle fibers and to overemphasize those fibers in which the 
Z bands are demonstrable. The only acceptable conclusion that either 
Jordan or Speidel may make based on incontrovertible objective evidence 
is that the Z bands are inconstant in certain striped muscles; that the 
Z band is not a permanent ground membrane (telophragma) that forms 
the hypothetic boundaries of an assumed unit of structure called the 
sarcomere; that the Z bands may or may not be present in a muscle 
fiber ; that under certain conditions the Z bands are present while under 
others they are absent; that the Z bands are found more constantly in 
some muscle fibers (adult cat) than in others (tail of the tadpole). The 
attempt to oversimplify for descriptive purpose the internal structure of 


48. Jordan,?* (a) p. 224; (b) p. 235; (c) p. 241, fig. 2. 
49. Speidel,1® (a) p. 483; (b) p. 515. 
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muscle by the unsupported claim that all genuine striped muscles possess 
fixed structural units called sarcomeres has retarded the advance in 
knowledge of the histologic structure of muscle for over a half century. 

Jordan has claimed that the sine qua non of genuine striped muscle 
is the omnipresence of a so-called constant Z membrane (telophragma). 
He has not supported the validity of this assumption by evidence. He 
announced his “law” for the microscopic identification of genuine striped 
muscle as though its verity had been established. His greatest support 
has been an appeal to long-established historic custom. Jordan’s “law” 
is unequivocally challenged in order to establish the truth regarding the 
structure of cross-striated muscle. The findings against Jordan’s defini- 
tion of muscle structure are substantiated by preponderant evidence. 
These facts cast serious doubt on the existence of the sarcomere. 
Jordan’s patently unsupportable assertion would erect a caveat in the 
research on muscle structure and would arbitrarily substitute surmise, 
suspicion and guess for proof. There must be sensible standards for 
the admission and recognition of all evidence. The selection of certain 
facts and the ignoring of others in order to reach a conclusion based on 
preconceived ideas is as dangerous in science as it is in law if the truth 
is to be established beyond reasonable doubt. 


SUMMARY 


The cross striae in muscle fibers are multiplied in number by 
optimum heat. They are subtracted through irregular replacement 
by granules when the heat is adequately lowered over a specific period. 
The numbers of light and dark cross striae appear to be related to an 
optimum range of temperature and rate of chemical reaction. The 
spacing of the muscle cross striae and of the inorganic bands of silver 
iodide and of chloride precipitate in gelatin confined in microcapillary 
glass tubules appears to be related to and to agree with the wavelength 
of the short infra-red heat waves of physical and chemical reactions. 
The sarcomere is a morphologic myth. Under certain energetic states 
within the striated myoplasm the Z bands are present; under others they 
are absent. The Z bands, therefore, may not be used as a sine qua non 
for the identification of genuine cross-striated vertebrate muscle. The 
periodic appearance of Z bands within the light J bands, the doubling 
of Q bands and the presence of other accessory bands with progressive 
increase in the energetic level accompanying contraction are adequate 
evidence of multiplication of cross striae in muscle fibers. Simple 
twitches and weak contractions are correlated structurally with changes 
in the relative proportions of the Q and J bands without increase in the 
total number of the cross striae in a muscle fiber. This is evidence of 
variations in the amplitude of longitudinal waves. Microcapillary 
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molecular pressure appears to be a mechanical condition for the orienta. 
tion and separation of the parts of the compression waves associated 
with the chemical reactions into zones of condensation and rarefaction, 
expressed respectively as dark and light cross striae. Both physical and 
chemical conditions must therefore be adequate for the structural expres- 
sion of cross striations in a microcapillary muscle fiber. Strong contrac. 
tion, contracture or rigor waves of nodes and internodes are found in 
striped, transitional and smooth muscles. The nodes and internodes are 
the components of strong superposed compressional waves associated 
with localized increased rate and intensity of chemical change. The 
pressure nodes of striped fiber contraction waves have differential chem- 
ical staining, wide diameter, condensed cytoplasm, rounded nuciei, 
multiplication of closely spaced fine striae, increase of mineral ash and 
anisotropy. Tension internodes have narrow diameters, rarefied fibrillated 
cytoplasm, greatly elongated nuclei, widely spaced coarse striae, decrease 
of mineral ash and anisotropy. The energy of chemical change within 
living muscle, therefore, is inseparably associated with that of mechanical 
pressure. 














PIGMENTED CELLS OF PIA 
MENINGEAL TUMORS 


AND OF 


A. E. TAFT, M.D. 


PHILADELPHIA 


Dark-pigmented cells (melanophores) in varying numbers are 
always present in the human leptomeninges, but many questions con- 
cerning these cells remain unanswered. 

Virchow ? was one of the earliest to describe them in detail. He 
considered that they were pigmented connective tissue cells, develop- 
ing after puberty, especially about the medulla and the cervical cord, 
though they might be found elsewhere. 


Concerning the age at which they first appear, Farnell and Globus ? 
reported their presence in a 5% month fetus. The cells are normally 
most evident in Negroes and in persons with a greater amount of pig- 
ment elsewhere, as in skin and hair. Their appearance has been 
described in both Japanese * and Italians.‘ 


MATERIALS AND METHODS 


The material examined was from a variety of subjects, both Negroes and white 
persons, regardless of clinical condition. Unstained preparations of fragments of 
formaldehyde-fixed pial tissue were used, varying roughly from 2 mm. to 2 cm. 
square. These fragments were floated onto an ordinary microscopic slide from 
water and drained carefully; a small amount of glycerin was dropped on the tissue 
surface and a cover glass applied with pressure only sufficient to flatten the specimen. 
Much pressure should be avoided, as the pigmented cells crush easily, with dis- 
persion of the colored granules. 

Microscopic examination was made with both direct and indirect illumination. 
With the former the immediate pigmented elements can be seen clearly, while with 
the latter both the pigment cells and the surrounding uncolored parts are clearly 
visible. These preparations are necessarily thicker than embedded sections and 
require deep focusing. The thickness is also uneven. For these reasons, the photo- 
micrographs do not appear as clearly defined throughout as in the case of cut and 
stained material, since the camera must be focused at the level of the desired object 
and this leaves parts of the field less distinct. 


’ 


From the Psychiatric Laboratory of the Philadelphia General Hospital. This 
investigation was aided by a grant from a fund at the Gladwyne Research Labora- 
tory, through Dr. S. D. Ludlum. 

1. Virchow, R.: Virchows Arch. f. path. Anat. 22:119, 1864-1865. 

2. Farnell, F. J., and Globus, J. H.: Arch. Neurol. & Psychiat. 25:803, 1931. 

3. Katsunuma, S.: Nagoya J. M. Sc. 10:51, 1936. 

4. Ottanello, P.: Boll. d. Soc. med.-chir., Pavia 50:463, 475 and 483, 1936. 
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Fig. 1—A, pigmented cells of the pia oriented on fine fibers, which can be 
distinguished in certain parts of the picture. Direct illumination. x 210. B, pig- 
mented cells on fibers lying between two blood vessels. Direct illumination. x 210. 
C, varied outlines of pigmented cells. Note cells on a blood vessel in the lower 
left corner. Direct illumination. x 210. 
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OBSERVATIONS 


On gross inspection, the melanophores are most evident over the 
pons, medulla and cervical cord. That this is so is apparently due to 
the fact that the blood vessels in these areas lie in large part on the 
surface. Over the hemispheres, these cells are most often, though not 
exclusively, present in or near the bottoms of the sulci, where the blood 
vessels of the pia chiefly lie. 

With the microscopic methods described, the pigmented cells are 
to be seen directly overlying the vascular complex of the pia. They 
appear as a distinct lamina (fig. 1 4), oriented by long delicate fibers 
(fig. 1B). Owing to the delicacy of these fibers and the ease with 
which the pigment cells fragment, it is not possible to remove the cells 
as a separate layer and have them remain intact; they appear then as 
a tangled mass of fibers, with general freeing of the pigment granules 
and entire loss of the normal cell outlines and arrangement. 

One striking characteristic of these cells is their extreme pleo- 
morphism. In places they may present the most varied outlines, from 
extremely delicate fusiform shapes, with the finest possible granules, 
to simple circular forms, further ranging through more or less intricate 
stellate cells (fig. 1 C). 

Their close relation to blood vessels is an outstanding characteristic. 
They frequently appear to be migrating rapidly, either in association 
with bundles of fibers or with small blood vessels, and in their grouping 
and “climbing” they often suggest living objects. Those which appear 
in immediate contact with blood vessels most often show some degree 
of branching, and these, too, give the impression of rapid migration 
(fig. 2.4). Where they appear on the finer vessels, they are extremely 
delicate, with correspondingly fine processes, which are closely applied 
to the vessel wall and surround it. In the underlying cortex of these 
areas, richly fibered cells appear, which show the processes by which 
they are attached to the blood vessels, as in figure 2 B. 

Active hyperplasia also occurs in plaques or masses (fig. 2C). In 
some of these groups there is actual rosette formation, with arrange- 
ment about a well defined center. 

The variety of the cell shapes and reactions is almost without limit 
when the cells are in the process of hyperplasia. 

There is marked contrast to their appearance in stained sections, 
where only such simple forms are seen as appear in figure 1A. This is 
necessarily so, since the most active cells are so small and their granules 
so fine that their processes are clearly visible only by dark field 
illumination. 
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Fig. 2.—A, pigmented cells on a large blood vessel, migrating on a small vas- 
cular branch. Lateral (dark field) illumination. x 210. 8B, cell with multiple 
processes from brain cortex (gray) underlying pia with hyperplastic pigmented 
branching cells. Direct illumination. x 1,000. C, dense plaque of pigmented cells 
overlying a blood vessel, which runs obliquely across the field, surrounded by other 
cell shapes not in focus. Direct illumination. x 210. 
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COMMENT 


From the standpoint of their hyperplastic and migratory activity, 
these cells are of interest in relation to meningeal new growths. That 
such growths may be either benign or malignant is illustrated in the case 
reported by Arnvig and Christiansen,® in which there was a circum- 
scribed tumor of the fourth ventricle, diagnosed as benign melanoma. 

It was stated by Bailey and Bucy ® that melanotic tumors rarely arise 
primarily in the meninges, but the reports of other observers, notably, 
Farnell and Globus,? Foot and Zeek" and Snitker and Ayer,’ which 
present a variety of cases, indicate that in all of these instances the 
growths were primarily meningeal. It is of interest also to consider 
that some of these melanotic growths occurred in white persons. 

The variety of the cell forms in these tumors has been a matter of 
frequent comment and has led to more or less confusion concerning the 
nature of the growths. This need not be so if it is recognized that the 
pigmented cells are seen in almost any cell form in routine examination 
of areas of the pia where there is cell activity by suitable methods, as 
described in the foregoing section of this paper and shown in the photo- 
micrographs. 

In his exhaustive monograph on meningeal tumors Globus ® stated 
that neither unripe elements of the type called meningoblasts nor primi- 
tive cells, known as spongioblasts, can be distinguished in the developing 
meninges. Whether the cells referred to by him are exactly the same 
need not be determined, but Maximow’s *° claim that especially about 
the blood vessels of the leptomeninges are many embryonic mesenchymal 
elements appears to be borne out by the activity implied by these pig- 
mented cells, since such hyperplastic ce!l activity must connote a degree 
of embryologic character. 

Both Grahl ** and Wilcox ** presented cases of associated melanosis 
of the skin and nervous system as a congenital phenomenon. As in 
many other instances, the pigmented foci in the meninges were angioma- 
tous in character, which suggests a close relation between pigmented 
cells and the vascular system as described. This is further emphasized 
by the occurrence of meningeal hemangioma associated with pigmented 
nevi of the skin. 


5. Arnvig, J., and Christiansen, E.: Acta chir. Scandinav. 82:218, 1938. 
6. Bailey, P., and Bucy, P. C.: Am. J. Cancer 15:15, 1931. 
7. Foot, N. C., and Zeek, P.: Am. J. Path. 8:605, 1931. 
8. Snitker, M. T., and Ayer, D.: J. Nerv. & Ment. Dis. 87:45, 1938. 
9. Globus, J. H.: A. Research Nerv. & Ment. Dis., Proc. (1935) 16:210, 1937. 
10. Maximow, A. A., and Bloom, W.: A Textbook of Histology, ed. 2, Phila- 
delphia, W. B. Saunders Company, 1934, p. 245. 
ll. Grahl, F.: Beitr. z. path. Anat. u. z. allg. Path. 39:66, 1906. 
12. Wilcox, J. C.: Am. J. Dis. Child. 57:391, 1939. 
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The work of Edwards and Duntley ** on melanin and other pigments 
has demonstrated that melanotic pigment is universal in the skin, regard- 
less of race or complexion, and varies only in degree. That pigmented 
cells are also universally present in the human leptomeninges is indicated 
by the evidence presented here. 


SUMMARY 


Pigmented cells are present in the human pia regardless of race or 
color. They occur in laminar arrangement on delicate fibers directly 
overlying the vascular complex, or they may be applied directly to the 
smaller pial vessels. They appear in a great variety of forms, from those 
with simple circular outlines to those with multiple processes. They 
appear to be actively hyperplastic and migratory. From the literature 
it appears that these two qualities may lead to neoplasms, which may be 
either benign or malignant. 


13. Edwards, E. A., and Duntley, S. A.: Am. J. Anat. 65:1, 1939. 

















ROLE OF FIXED TISSUE PHAGOCYTES IN _ LIPID 
METABOLISM 


EDWIN F. HIRSCH, M.D. 
AND 


SIDNEY WEINHOUSE, Pu.D.* 
CHICAGO 


According to Schoenheimer and Breusch,’ synthesis and destruction 
of cholesterol are a normal function of animal tissues. Large amounts 
of cholesterol are synthesized only when the substance is not provided 
in the diet. With food containing moderate amounts of cholesterol, 
synthesis decreases, and with the ingestion of large amounts, destruction, 
instead of synthesis, occurs. This view assumes continual formation 
or destruction of cholesterol, depending on the prevailing determinative 
factors, with emphasis on the destructive factors in excessive absorption 
and on synthesis in low absorption. There is no information regarding 
the tissues concerned with these apparently distinct functions, nor any 
knowledge that they occur in one or in several tissues. The absorbability 
of sterols from the intestinal tract has been determined by analyses of 
fluids recovered from the thoracic duct.? Cholesterol fed to animals 
appears in the fluids of the thoracic duct in free and in combined forms. 
The presence of the ester indicates that even in the process of absorption 
some activity of metabolism has occurred. Absorbed from the intestinal 
tract, cholesterol and its esters enter the blood stream from the thoracic 
duct for distribution to the tissues, and doubtless in the blood plasma 
are distributed in colloidal dispersion.* The factors controlling this 
colloidal dispersion and tissue utilization of cholesterol and its esters 
are not clear. Apparently, the cholesterol substances in the blood 
plasma are in complex mixtures with other lipids.* The colloidal 





From the Henry Baird Favill Laboratory of St. Luke’s Hospital. 

This study was aided by the Winfield Peck Memorial Fund and the Watson K. 
Blair Memorial Fund. 

*The Seymour Coman Fellow of the Department of Chemistry of the Uni- 
versity of Chicago. 

1. Schoenheimer, R., and Breusch, F.: J. Biol. Chem. 103:439, 1933. 

2. (a) Schoenheimer, R.: Science 74:579, 1931. (hb) Fréhlicher, E., and 
Stllman, H.: Chem. Abstr. 29:836, 1935. 

3. Burger, M.: J. Biol. Chem. 108:463, 1935. 

4. Weinhouse, S., and Hirsch, E. F.: Arch. Path. 30:856, 1940. 
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dispersion of cholesterol and its esters with other lipids in the bloog 
plasma suggests that one step in the further metabolism of thes 
substances may be through the tissues provided in the body for the 
removal from the blood plasma of water-insoluble particulate materia) 
In the investigation of this premise, some information may come through 
experiments with intravenous injections of colloidal dispersions of 
cholesterol and its esters and comparing the results of these procedures 
with those obtained by feeding experiments in which the cholestero| 
substances enter the body after intestinal absorption. 

The production of atherosclerosis in rabbits by diets containj 
large amounts of cholesterol has been summarized by Duff.5 According 
to this review, the quantities of cholesterol that can be administered 
parenterally or intravenously are small. When thus introduced, they 
cause only slight or temporary elevation of the cholesterol content of 
the blood and after their rapid removal are found in the reticulo- 
endothelial cells of the animal. Duff suggested that other lipids are 
necessary to hold the cholesterol in stable colloidal dispersion in the 
blood for any length of time. Diets with a considerable content of 
cholesterol produce in rabbits lipid deposits in the viscera and other 
tissues, as well as plaques in the lining of the aorta and large arteries, 
In these animals marked cholesteremia and lipemia develop. Emphasis 
in the published accounts has been placed on the cholesterol content 
rather than on the total lipid composition of these deposits in the linings 
of the large arteries, disregarding the lipid deposits in other tissues 
of the body and their chemical composition. These lipid analyses are 
recorded and discussed in another report.* The present study compares 
the lipid content of tissue phagocytes in the normal rabbit with that of 
phagocytes in rabbits given intravenous injections of emulsified and 
unemulsified cholesteryl oleate, and in other rabbits fed cholesterol. 


EXPERIMENTAL 





STUDIES 


Normal Tissues.—The tissues of the liver, lungs, spleen, kidneys, aorta, stomach 
and bowel from the normal rabbit were fixed in formaldehyde solution; sections 
prepared by the freezing method were stained with scarlet red for lipid deposits 
in the phagocytes. The animals used had no obvious disease when alive or at 
postmortem examination. The reticulum cell phagocytes (Kupffer) in the liver 
regularly contained smail granules or globules of lipid material. The phagocytes 
were not enlarged appreciably, and only occasional liver cells had small lipid 
inclusions. The spleen had small focal clusters of mononuclear cells with granular 
lipid inclusions. The tissues of the lungs, kidneys, aorta, stomach and bowel had no 
appreciable deposits. 


Emulsified Cholesteryl Oleate—Cholesteryl oleate was prepared by heating for 
three hours in an oil bath at 200 C. a mixture of 5 Gm. of cholesterol and 20 Gm. 


5. Duff, G. L.: Arch. Path. 20:82 and 258, 1935. 
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of highly purified oleic acid. After cooling, the pasty brown material was extracted 
several times with cold alcohol to remove the excess of oleic acid, then dissolved 
in a mixture of equal parts of chloroform and alcohol U. S. P. (ethyl alcohol) 
and chilled with solid carbon dioxide. The crystals were filtered on a Buchner 
funnel and washed with a small portion of the solvent mixture. Recrystallization 
by the same procedure yielded 3.8 Gm. of cholesteryl oleate, with a melting point 
of 42-43 C. The colloidal suspension was prepared by dissolving 2 Gm. of the 
cholesteryl oleate in 200 cc. of warm redistilled acetone and adding this solution 
slowly and with constant stirring to 200 cc. of warm distilled water. The emulsion 
thus formed was evaporated in vacuo to 100 cc. volume. The cholesteryl oleate 
was highly dispersed and the emulsion stable. 

The particles of emulsified cholesteryl oleate ranged in diameters to consider- 
ably less than the dimensions of erythrocytes. The degree of dispersion was high, 
for quantities of 30 cc. of the emulsion were injected intravenously without 
symptoms of pulmonary embolism. The serum cholesterol of a rabbit after intra- 
venous injection of 1 Gm. of the emulsified cholesteryl oleate in 25 cc. of liquid 
remained unchanged. The total and the free cholesterol before injection were 
92 and 28 mg. per hundred cubic centimeters of blood; ten minutes after injection 
they were 85 and 20 mg. This indicated rapid removal of the injected ester from 
the blood. Other experiments were similar. Some of the rabbits were killed 
immediately after an injection of emulsified cholesteryl oleate. Tissues from the 
liver, spleen, lungs, kidneys and myocardium of each animal were fixed in formal- 
dehyde solution and stained with scarlet red. The capillaries of the lungs con- 
tained agglomerated masses of lipid material. The phagocytes (Kupffer) of the 
liver were markedly enlarged and filled with doubly refractive lipid. The spleen 
also had extensive intracellular deposits, and small collections were in the cells of 
the tufts of glomeruli in the kidneys. These experiments demonstrated the speed 
with which the finely dispersed cholesteryl oleate was removed from the circu- 
lating blood and indicated at least some of the tissues concerned with this removal. 

One rabbit received for several days intravenous injections of emulsified choles- 
teryl oleate stained with scarlet red. The subcutaneous fat tissues were red with 
the dye, and the phagocytes of the lungs, liver and spleen contained large quan- 
tities of the emulsified cholesteryl oleate. 

Three rabbits received intravenous injections of cholesteryl oleate daily or at 
intervals of several days, as follows: 


(a) 2.54 Gm. in quantities of 380 to 600 mg. in twelve days; killed two days 
after the final injection 

(b) 2.0 Gm. in quantities of 100 to 250 mg. in eighteen days; killed four days 
after the final injection 


(c) 8.58 Gm. in quantities of 200 to 600 mg. in forty-six days; killed three days 
after the final injection 


The phagocytes of the liver (Kupffer cells) and of the spleen contained quan- 
tities of the cholesteryl oleate. The phagocytes of the liver were moderate in size; 
those in the spleen, especially that of rabbit 3, were large. The lungs had focal 
aggregates of phagocytes with lipid material. In sections of tissues fixed in 
Zenker’s solution, embedded in paraffin, sectioned and stained with hematoxylin 
and eosin, there were no appreciable tissue reactions about the phagocytes or else- 
where in the liver. The spleen of rabbit 3 had many large vacuolated phagocytes, 
corresponding to lipophages, and the lungs also had aggregates of these large 
phagocytes associated with a minimal fibroblastic tissue response. 
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Unemulsified Cholesteryl Oleate—The results of the experiments with emulsified 
cholesteryl oleate were compared with the tissue reactions caused by the unemulsifieg 
lipid. Cholesteryl oleate, which is liquid at body temperature, was injected into the 
ear vein of the rabbit. In the lungs, where much of the lipid material lodged, the 
tissue response consisted of growths of a fibroblastic stroma with large mono. 
nuclear phagocytes (lipophages) and foreign body giant cells about globular Masses 
of the lipid substance. 

These groups of experiments emphasize the role of the phagocytes of the liver, 
spleen and other tissues in removing fine particles of cholesteryl oleate and prob. 
ably of other dispersed lipids from the plasma of the circulating blood. This 
method of disposal seems dependent on the degree of dispersion. When in fine 
dispersion the cholesteryl oleate was removed by the fixed tissue phagocytes, but 
when it was administered in large globules, inflammatory lesions developed, con- 
taining fibroblastic tissues, mononuclear phagocytes and foreign body giant cells, 

Feeding Experiments—The results of the chemical analyses and a description 
of the microscopic distribution of the lipids in tissues of rabbits fed cholesterol 
have been reported.4 With increased duration of feeding, the viscera, such as the 
spleen, lungs, liver, aorta, bowel, stomach, bone marrow and subcutanéous tissues, 
had extensive deposits of lipid, mainly in the fixed tissue phagocytes. The Kupffer 
cells and the periportal tissue phagocytes of the liver were markedly swollen and 
filled with granular and crystalline lipids. When the deposition was considerable, 
the liver cells also contained lipids. Elsewhere the lipid deposits were in phago- 
cytes or even in the tissue cells. 

COM MENT 


According to Frohlicher and Sillman,*” the absorption of cholesterol 
from the intestines is associated with marked esterification of the lipid, 
This comparatively simple chemical change apparently is a normal 
physiologic process in the metabolism of cholesterol. In_ balance 
experiments with rabbits fed large amounts of cholesterol, Page and 
Menschick * found destruction of 0.8 to 1.8 Gm. of cholesterol per week. 
They concluded that an equilibrium seems established between the sterol 
contents of the viscera, the excreta and probably the food. Considerable 
evidence supports the opinion that the reticuloendothelial system has a 
function in the utilization of the lipids of the blood. According to 
Harbitz,” so much importance has been attached to this cellular system 
in connection with cholesterol metabolism that it has been designated 
the “intermediary apparatus.”” Emulsions of cholesterol and cholesteryl 
esters injected intravenously into rabbits rapidly disappeared from the 
circulation. Chamberlain,* with injections of emulsified cholesterol, 
observed that the liver and especially the spleen gained in content. 
Havens and Bale® studied in rats the fate of intravenously injected 
phospholipid containing radioactive phosphorus. They found that the 


> 


». Page, I. H., and Menschick, W.: J. Biol. Chem. 97:359, 1932. 
7. Harbitz, F.: Arch. Path. 4:507, 1927. 

Chamberlain, E. N.: Chem. Abstr. 23:3964, 1929. 

. Havens, F. L., and Bale, W. F.: J. Biol. Chem. 129:23, 1939. 
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phospholipid was removed from the blood mainly by the spleen and 
liver and to a lesser extent by the lungs. 

Such deposition occurs also in rabbits receiving the lipids in the 
food. The reticuloendothelial cells of the liver and spleen and the 
alveolar cells of the lungs in rabbits fed oil or oil with cholesterol, 
according to Thiersch,'® have considerable amounts of lipid deposits. 
Versé had observed marked fat infiltrations of the Kupffer cells of the 
liver with cholesterol and cholesterol in oil diets in rabbits. The 
marked increase of the lipids of the blood induced by these diets is 
accompanied by large deposits of lipids in the reticuloendothelial cells 
of the viscera. According to Duff, the experimental atherosclerosis in 
rabbits depends on some degree of cholesteremia. Associated with the 
arterial lipid deposits of the experimental atherosclerosis are lipid 
deposits in other viscera. The cause of the accumulation of the complex 
lipids in the blood is not known. Perhaps an intrinsic chemical com- 
position of the lipid mixture makes difficult the utilization of the lipids 
by the tissues, or the tissues, having become saturated with lipids and 
with continued high absorption, a gradual accumulation of lipids occurs 
in the blood. Corwin” 


10 


observed in dogs that diets with a large content 
of fat caused moderate hypercholesteremia, and those with lecithin, a 
marked increase in the cholesterol content of the blood. There seems 
to be, accordingly, a reciprocal adjustment among the lipid components 
of the blood. 

These relations indicate that the physical conditions and tne chemical 
composition of the lipid complex in the blood are important. The 
evidence also emphasizes the participation of the reticuloendothelial 
tissues in the removal of emulsified lipids from the blood plasma. The 
physical and chemical relations influence the stability and dispersion in 
the blood of the emulsified lipid material, as well as the ingestion of 
the lipid complex by the phagocytic cells and the utilization or further 
disposition of the material within the cells. The speed with which 
emulsions of cholesteryl oleate are removed from the circulating blood 
is remarkable. Histologic studies demonstrate that finely dispersed 
cholesteryl oleate is taken into the fixed tissue phagocytes and probably 
utilized without further local cellular activity, but aggregates of 
cholesteryl oleate, too large for this simple activity, stimulate an 
exudative and reactive tissue response. 


SUMMARY 


The reticuloendothelial cells of the liver and spleen become laden 
with cholesterol or its esters, whether the cholesterol is iniected intra- 


venously as an emulsion or is absorbed from the bowel after feeding. 


10. Thiersch, H.: Beitr. z. path. Anat. u. z. allg. Path. 97:81, 1936. 
11. Corwin, W. C.: Arch. Path. 26:456, 1938. 
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The disposal of these ingested lipid substances seems to be an intra. 
cellular activity. In contrast, unemulsified masses of cholesterol or its 
esters stimulate the formation of chronic granulation tissues containing 
mononuclear phagocytes and foreign body giant cells. 

Emulsified cholesteryl oleate is removed so rapidly from the blood 
after intravenous injection of large amounts that within a few minutes 
there is no elevation in the cholesterol level of the serum. 

The presence of lipids in the fixed tissue phagocytes of rabbits under 
normal conditions suggests that these cells have a function in lipid 
metabolism. The removal by these cells of particulate lipid material 
from the blood coincides with their phagocytic properties. Their 
phagocytic activity toward lipids may be influenced by the chemical 
composition and physical properties of the lipid complex. 





Case Reports 


PNEUMATOSIS CYSTOIDES INTESTINI IN AN INFANT 


Janvier W. Linpsay, M.D.; E. Crarence Rice, M.D., anp 
Maurice A. SeELiInceR, M.D., Wasuincton, D. C. 


Although recognized as a clinical problem since 1876, when Bang? 
first noted gas cysts in the intestine of a woman who had died of vol- 
vulus, pneumatosis cystoides intestini remains today a baffling diag- 
nostic problem. In 1938 Botsford and Krakower? noted that 171 
cases had been reported in the literature and added 6 of their own. 
Of that number, only 11 are authentic cases of this lesion in children. 
We wish to add an additional case of this type and draw attention to 
the absence of American roentgenologic reports in contrast to the activity 
of European observers. 

Urban * lately reported a clinical classification, which has been 
generally accepted. Primary pneumatosis may be said to be present 
when no other organic disease is found in the gastrointestinal tract. 
Secondary pneumatosis is seen more frequently and is associated with 
gas cysts, as well as other changes in the alimentary canal. 

The causes of this lesion are as obscure as the diagnosis. Its coex- 
istence with gastric carcinoma, appendicitis, colitis, strangulated hernia, 
parasitic infections and other conditions has been noted. But most 
striking is the number of cases in which it has been found associated 
with a stenosing duodenal ulcer. Various authors report an incidence 
of the latter type of case of from 45 to 75 per cent; in our own case, 
ulcerative gastritis was present. 

The four theories accorded the most prominence are: (1) the mechan- 
ical, (2) the bacterial, (3) the neoplastic and (4) the chemical. The 
majority of recent observers lean toward the mechanical and bacterial 
theories of the node of production; in our case the lesion may have 
been due to a combination of the mechanical and bacterial factors, 
hyperperistalsis providing the mechanism by which air was forced into 
a wall weakened by previous bacterial action. 

The peculiar predilection of the lesion for the distal part of the 
ileum has been noted often; next to this region, the cecum and ascend- 
ing colon are most frequently involved. Then follow the jejunum and, 
more rarely, the omentum and gastrohepatic ligament. It has been 
claimed by Masson‘ that the transverse and descending portions of 
the colon are never involved. 

Postmortem examination and operative intervention have been 
necessary for the recognition of this lesion; the diagnosis has never 
been made prior to one or the other of these two procedures. The 
presence of the gas blebs has enabled certain observers, particularly 


From the Medical and Laboratory Services of the Children’s Hospital. 
1, Bang, B. L. F.: Nord. med. Ark. 8:18, 1876. 

2. Botsford, T. W., and Krakower, C.: J. Pediat. 13:185, 1938. 

3. Urban, H.: Fortschr. a. d. Geb. d. Réntgenstrahlen 55:231, 1937. 
4. Masson, P.: Ann. d’anat. path. 2:541, 1925. 
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von Hacker,’ to claim that there is a peculiar sensation of crepitation 
on palpation and of tympanism on percussion, although the abdomen 
itself is soft and compressible. It spite of these assertions, the op] 
practical means of diagnosis which may be offered the clinician at 
present is the roentgen ray. The most important finding is the absenge 
of intestinal loops between the diaphragm and the liver. Accordj 
to Matronola,® the typical roentgen picture, when coexisting with the 
symptoms of pyloric stenosis, is pathognomonic. The progress of Euro. 
pean roentgenologists in this field, as compared with the lack of obser. 
vations by roentgenologists in this country, is rather surprising. 
According to Moore,’ the condition in infants varies from that found 
in adults in certain respects. He noted that the predominant location 
of the cysts in children is in the mucosa and submucosa, in contra- 
distinction to the general presence of the cysts in the serosa in adults, 
Microscopically, he found giant cells infrequently. While our obser- 
vations concur with his, we can offer no explanation to account for them, 
The twelfth case in a child is reported. 


A Negro girl aged 7 months was admitted to the service of Dr. H. H. Don- 
nally, Oct. 17, 1938, with a history of rhinitis of eight days’ duration and diarrhea 
for five days. 

The mother had had no prior pregnancies and had received antisyphilitic treat- 
ment since the fifth month of pregnancy. No definite history was obtained 
regarding the state of the father’s health. 

The patient was born at term and had had no illness up to the present one. 

The present illness was described as a “cold” with some cough. After the 
baby was fed, vomiting would occur. On the third day of illness she began to have 
between five and six coarse yellow stools a day. 

Examination showed an infant acutely ill, with a temperature of 102.6 F. 
Tissue turgor was poor, and the anterior fontanel was sunken. The conjunctivas 
were pale. The nasal mucosa was injected and showed some mucoid secretion. 
The gums were blanched and the throat injected. The ear drums were normal. 
Neurologic examination disclosed nothing abnormal. The heart and lungs were 
apparently normal, as were the liver, spleen and other abdominal organs. 

The diagnosis was acute pharyngitis and tonsillitis, parenteral diarrhea with 
dehydration, secondary anemia and suspected congenital syphilis. The possibility 
of pneumonia was noted. 

The day after admission the temperature had reached normal, but a day later 
it rose to 103.0 F., and eight yellow stools were passed on this day. The following 
day both ear drums were injected. Roentgen examination revealed extensive 
syphilitic periostitis and osteochondritis. Five days after admission bilateral 
myringotomy was done, and Staphylococcus aureus was cultured from the pus. 
The condition’ was now critical and continued so. Impaired breath sounds and 
many fine moist rales were heard over the posterior portions of the lungs. The 
abdomen became distended, and the diarrhea persisted, there being between four 
and eleven liquid yellow stools daily. Slight icterus was noted. Despite daily 
administration of parenteral fluids and blood transfusions the infant died on the 
fifteenth day of illness. 

Laboratory examination of the blood showed hemoglobin 10 Gm. in 100 cc. 
erythrocytes 3,000,000, leukocytes 9,200, polymorphonuclear neutrophils 60 per cent 

5. von Hacker, cited by Memmi, R.: Policlinico (sez. chir.) 141:408, 1934. 

6. Matronola, cited by Memmi, R.: Policlinico (sez. chir.) 141:408, 1934. 

7. Moore, R. A.: Am. J. Dis. Child. 38:818, 1929. 
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and lymphocytes 40 per cent. The Kahn test was positive. The urine contained 
40 mg. of albumin per hundred cubic centimeters and a few leukocytes. 


Necropsy—The body was that of a poorly nourished Negro girl. The thymus 
was soft, congested and gelatinous; the lungs were congested and showed some 
emphysematous areas ; the heart was normal. The liver weighed 182 Gm.; the 
outer surface was smooth and yellowish red; the section surface was bile stained, 
with a prominent follicular pattern. The spleen weighed 10 Gm. and was enveloped 
by many fairly dense adhesions; there was evident fibrosis of the parenchyma. 


Fig. 1—Terminal part of the ileum and ascending portion of the colon, showing 
their emphysematous appearance. 


The gastrointestinal tract was ballooned with gas. The serosa had a dull gray 
appearance and showed moderately engorged vessels. The mucosa of the stomach 
was of a pinkish color and had a number of small shallow ulcerated areas, averag- 
ing 5 to 10 mm., involving the mucosa. The upper portion of the small intestine 
had a moist somewhat congested mucosa. The lower part of the ileum and 30 cm. 
of the ascending colon were emphysematous, giving an appearance similar to sponge 
rubber, with some congestion of the mucosa. A similar change was noted in an 
area 4 by 1.5 cm. in the ileum, 60 cm. above the ileocecal valve. 
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Microscopic Examination of the Intestine—One section showed a poorly stain. 
ing mucosa, indicative of beginning necrosis, with diffuse infiltration of poly- 
morphonuclears and round cells in the deeper portions, extending into the muscularis. 
Small cysts caused slight separation from the submucosa with the presence of 
albuminous fluid within the spaces. Beginning thrombus formation was noted in 
a few of the smaller blood vessels, and there was moderate leukocytic infiltration 
about them. In another section the mucosa was thinned out, owing to pressure 
from the underlying structures. A few cystic spaces were noted in the mucosa; 
however, there was wide separation of the submucosal tissues where large cystic 





Rige2.—Section of the intestine showing cystic spaces between the mucosa and 
the muscularis; x 100. 


spaces were noted. The lining of their walls suggested that they were ruptured 
lymph spaces. The surrounding tissue evidenced little cellular reaction. The 
muscle bundles were rather widely separated, apparently from an infiltration of 
gas from the ruptured cysts; however, there was no evidence of inflammatory 
reaction. 

SUM MARY 


The twelfth case of pneumatosis cystoides intestini in a child is 
reported. At present roentgen examination of the gastrointestinal tract 
offers the only possibility of diagnosis of this condition without an 
exploration of the abdomen. 











NODULES OF STRATIFIED EPITHELIUM 
IN TUBAL MUCOSA 


Atrrep PLaut, M.D., ANp MArtin L. Dreyruss, M.D., NEw York 


On routine microscopic examination of a fallopian tube, stratified 
epithelium was found in the mucosa. We had never made such an 
observation before, and, if our search of the literature can be trusted, 
no such observation has been reported. 


REPORT OF A CASE 


A 43 year old bipara, born in Russia, complained of increasing and prolonged 
menstrual bleedings for two years. Lately these had lasted up to two weeks, and 
she had been passing clots. A double herniorrhaphy and an appendectomy had been 
done nine years before admission, and a cyst had been excised from her left breast. 
In the last four years she had been treated for hypertension. 

On admission this moderately obese patient had a temperature of 101 F. (cause 
unknown). The heart was enlarged to the left; there was a systolic murmur over 
the apex, transmitted to the base. The patient was slightly anemic. 

Above the symphysis a poorly circumscribed mass, abcut the size of a grapefruit, 
was felt. On bimanual examination the uterus appeared to have the size of the 
organ at four months’ gestation. 

A supravaginal hysterectomy was done, and both appendages were removed. 
Neither the findings during operation nor the postoperative ccurse offered anything 
unusual, and after twenty days the patient was discharged cured. 

The specimen was an irregularly shaped myomatous body of uterus, 12 cm. in 
height, 14 cm. in transverse diameter and 9 cm. in anteroposterior diameter. The 
tubal angles were 9.5 cm. apart. The uterine cavity was narrcwed by a submucous 
myoma, the size of a tennis ball, covered with an extremely thin layer of endo- 
metrium. The endometrium lining the uterine wall also was thin and moderately 
hyperemic. The myometrium was soft. It contained a number of myomas of 
varying size, the largest 7 cm. in diameter. The tubes were slightly hyperemic; 
there were several small serosal cysts. The ovaries appeared normal. 

Had it not been for the finding mentioned in the title, the microscopic picture 
would have been as uninteresting as the gross specimen. The tubal folds were 
thickened and interwoven, forming pseudocystic structures. Round cells in their 
stroma were somewhat numerous. The epithelium was mostly normal, high cylin- 
dric; cilia were recognized at many points. The subserous tissue contained a few 
small calcific concretions and numbers of hollow and solid epithelial nodules, as 
often found in this location. 


Description of the Abnormal Epithelial Structures—Several partly solid, partly 
hollow epithelial masses were situated directly under the tubal surface epithelium 
(fig. 1, lower part). One formed a solid conical peg, with the base (370 microns) 
directly under the tubal epithelium; it was 480 microns long, tapering outward; it 
extended through 800 microns in the axis of the tube. (As this epithelial mass had 





From the Department of Pathology, Beth Israel Hospital. 
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Fig. 1—Upper part: Two abnormal epithelial structures situated in a much 
thickened tubal fold. Half of the lumen in the smaller one is lined with ordinary 
tubal epithelium ; the other half is surrounded by a thick mass of stratified epithelium. 
The larger mass is hollowed out; it consists entirely of stratified epithelium. Lower 


part: Elongated mass of stratified epithelium close to the tubal lumen. 
epithelium over the nodule is flattened. 


The tubal 
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been found in the routine slide, where it had almost its largest diameter, it could 
not be studied in its entirety.) The cells were medium large, irregularly round or 
polyhedral, their cytoplasm clear and their nuclei fairly compact. No intercellular 
bridges were seen; keratohyaline and horny substances were absent. The cells in 
the center were larger and clearer than these at the periphery. Therefore the outer 
layer appeared darker, but there was no well defined basal layer. The basement 
membrane surrounding the nodule was not essentially different from the basement 
membrane in the normal mucosa. There were no mitotic figures. The picture is 
best compared to that of a Brunn epithelial nest in the urinary bladder. Only a 
very thin layer of connective tissue separated this nodule from the surface epithelium, 
but in the part available for study no continuity between the two kinds of epithelium 
could be demonstrated. 





Fig. 2—Nodule of stratified epithelium lining part of the tubal lumen (higher 
magnification from another level of the structure shown in the upper part of fig. 1). 
Note the clear epithelial cells in the center of the nodule. 


This continuity (which was expected) did exist in another nodule (fig. 2). This 
nodule had replaced part of the surface epithelium in one of the smaller pseudocystic 
cavities which represented the lumen of the tube. The remainder of this part of the 
tubal lumen was lined with cylindric and cuboidal surface epithelium as usual. The 
nodule measured 225 by 120 microns in the section; it extended through fifteen more 
sections, each 6 microns thick. This epithelial mass also could not be studied in its 
entire length. Deeper in the stroma of the thick tubal fold a hollow epithelial struc- 
ture (0.8 by 0.8 by 0.6 mm.) was situated (fig. 1, upper part). The cavity con- 
tained amorphous material, which became red in the mucicarmine stain, as did 
the flattened innermost epithelial layer. Six to ten layers of cells surrounded the 
cavity. The original slide contained two similar but smaller formations. 
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COMMENT 


It seems reasonable to assume that these epithelial structures were 
derived from the surface epithelium of the tube. The extreme rarity 
of such an occurrence might be expressed by saying that tubal epithelium 
has little tendency toward metaplasia and similar changes. This state- 
ment is further illustrated by the rarity of primary squamous cell carej- 
noma of the fallopian tube (in 1 case of 350 reported in the literature *), 
In this respect tubal epithelium differs from uterine epithelium, for in 
the endometrium islands of squamous cells are not rare, neither are 
squamous portions in endometrial carcinoma (adenoacanthoma). The 
islands of stratified or squamous epithelium in the endometrium gener- 
ally are much smaller than the ones found by us in the tubal mucosa. 
A comparison of structures belonging to a relatively stable epithelium, 
as that of the tube, on one hand, with structures in a periodically regen- 
erating epithelium, the endometrial, on the other hand, might be 
hazardous. The danger can be avoided by considering the prepuberal 
endometrium, which is not subject to cyclic change. And, in fact, 10 
per cent of children’s uteri do contain masses of stratified epithelium 
which in many respects are similar to the ones described in this paper. 

The histologic picture of these nodules is entirely that of a benign 
lesion. There is no reason, either, to consider the lesion as a precursor 
of a malignant tumor, the less so since tubal carcinoma has a tendency 
from the beginning to grow toward the lumen ® and is practically never 
of the squamous type. However, the squamous cell carcinoma of the 
fallopian tube reported by Orthmann might, perhaps, have originated 
in such a lesion as that described here. 

Neither the old salpingitis nor the epithelial nodules under the serosa 
—both very commonly observed—can have anything to do with this 
extremely rare, if not unique, finding in the tubal mucosa. The serosal 
nodules were not found in the same cross sections which contained 
the mucosal nodules. Such serosal nodules do not penetrate into the 
muscle coat of the tube, and their having reached the mucosal surface 
is inconceivable. 

SUMMARY 


Nodules consisting of stratified epithelium were found in the mucosa 
of a fallopian tube, partly in continuity with the surface epithelium. 
They might be compared to the stratified epithelium found in the endo- 
metrium of infants and children. In all probability the lesion is 
benign. No description of such a lesion could be found in the literature. 





1. Orthmann: Verhandl. d. deutsch. Gesellsch. f. Gynak. 12:735, 1907. Hen- 
derson, N.: Am. J. Obst. & Gynec. 37:321, 1939. 

2. Natanson, K.: Monatschr. f. Geburtsh. u. Gynak. 26:350, 1907. Hoehl, E.: 
ibid. 13:61, 1901. 

3. Liang, Z.: Virchows Arch. f. path. Anat. 259:577, 1926. 











































Laboratory Methods and Technical Notes 


PLASTIC WATCH GLASS MUSEUM MOUNTINGS 
(NEW WATCH COVER AND BASE PLATE) 


CHar.tes P. Larson, M.D., C.M., Tacoma, WasH. 
Director of Laboratories, Tacoma General Hospital 
AND 


E. J. Levin, Soap Lake, WAsuH. 


Technician, McKay Memorial Research Hospital 


In the preparation of permanent museum mountings several difficul- 
ties and disadvantages are encountered when glass watch glasses on glass 
base plates are used. For this reason we have investigated cover glasses 
made of plastic materials, the -most suitable of which has proved to be 
Plexiglas (methyl methacrylate). The commercial glass watch glasses 
are very shallow, particularly near the edges, thus greatly limiting the 
thickness of a specimen which can be mounted. A new type of plastic 
watch cover has been made according to our specifications,? which will 
permit a thick specimen to be placed under the cover (figure). The 
height of these plastic cover glasses at the center and 3 cm. from the edge 
is 24 mm. and 20 mm., respectively. Commercial glass watch covers 
average 14 mm. and 7.5 mm. at the same points. The new plastic watch 
cover has a volume of 500 cc., while the glass watch covers average 
250 cc. These statistics apply to the standard 200 mm. diameter covers. 

Glass watch covers have rough, uneven bottom edges, which require 
a great deal of time-consuming grinding with emery powder before the 
covers can be used for mounting. The new plastic watch glass has a 
perfectly polished edge, which eliminates grinding. Many of the com- 
mercial glass watch covers have points of weakness and strain which 
may result in breakage either in the process of grinding or, because of 
the negative pressure, after the mount is complete. This is eliminated 
entirely by the Plexiglas cover, which has no points of strain and is 
unbreakable. 

In using the glass watch glass, negative pressure mounting method 
a thin glass base plate has to be used inasmuch as the plate must become 
concave in order to accommodate the negative pressure within the mount. 
The plastic covers, by virtue of their shape, accommodate the negative 

1. Plexiglas is manufactured by Rohm & Haas Company, Inc., 222 West 
Washington Square, Philadelphia. ; 

2. The cover was designed by E. J. Levin. Plexiglas watch covers and base 


plates are sold by Arthur H. Thomas Company, West Washington Square, Phila- 
delphia. 
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pressure so that any thickness of glass or a Plexiglas base plate may be 
employed. A Plexiglas base plate with a thickness of 3.5 mm. is satis. 
factory and makes the entire mount unbreakable. 

In using the plastic cover the mounting technic is changed jp 
only two respects from that described in our previous articles.® First 
the acetone must be omitted in preparing the Klotz preserving fluid, a 
this will affect the plastic cover; second, sealing is not necessary, since 
the plastic cover fits the base plate closely, thus preventing leakage. 
However, if sealing is desired, this is best accomplished by cementing 
with liquid Plexiglas, which polymerizes under the influence of a cata- 
lyst, such as benzoyl peroxide, thus becoming solid. Cementing diree- 
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Upper: Ordinary watch cover. At A, 3 cm. from the edge of the watch cover, 
the depth is 7.5 mm. At B, the center of the witch cover, the depth is 14 mm. 
C is the specimen; D, the base plate. 

Lower: Plexiglas watch cover. At A, 3 cm. from the edge of the watch cover, 
the depth is 20 mm. At B, the center of the watch cover, the depth is 24 mm. 
C is the specimen; D, the base plate. 


tions may be obtained from the manufacturers.’ A Plexiglas museum 
mount appears very tidy and cannot be distinguished from a perfect 
glass watch glass mount. The initial investment when specimens are 
mounted in plastic watch covers is slightly higher than when they are 
mounted in glass covers, but this is more than offset by the fact that 
the mounts are unbreakable and require a shorter time for preparation. 

We have found the plastic watch cover to be superior to the glass 
watch cover in the following respects: It is flexible and will not crack 
or break either in the mounting process or after a lapse of time. It is so 
shaped that it accommodates for expansion and contraction of the fluid. 
Any type of base plate may be used, and thicker, larger specimens can 
be mounted under a 200 mm. diameter cover. 


3. Larson, C. P., and Levin, E. J.: Arch. Path. 23:536, 1937; Northwest 
Med. 37:254, 1938. 











A SIMPLE DEVICE FOR PREPARING SPECIMENS OF 
BONE MARROW FROM SMALL ANIMALS 


Epwarp Kopecky AND HerMAn T. BLuMENTHAL, M.S., Px.D., St. Louts 


While studying changes in the blood associated with the growth of 
transplanted and spontaneous tumors in mice, we devised a method for 
obtaining marrow from the bones of these small animals which proved 
very helpful. 

The apparatus used is shown in the accompanying figure. It consists of a 
source of compressed air (4’) to which is attached a rubber hose (B) on the 
other end of which is inserted a syringe needle (C). A no. 19 gage needle was 
found satisfactory in working with the long bones of mice. 


ee 





A device for obtaining marrow from the bones of mice as well as larger species 
of animals. A’ is a source of compressed air; B, an attached rubber hose; C, a 
syringe needle inserted into the end of the hose; A, an air cock to regulate the flow 
of compressed air; D, a long bone from a mouse. 


The bone (D) is freed of the attached soft tissues, and openings into the marrow 
cavity are obtained by making transverse cuts through the bone just inside the 
epiphysial lines at both ends. The needle is then inserted into one end of the 
bone and the strength of the flow of air regulated by an air cock (A). The marrow 
can readily be blown on a slide, and from this material stained smear specimens 
may be prepared. 

By regulating the force of the emitted air, it is possible to obtain the marrow 
in toto as a cast of the medullary cavity. This marrow cast may be fixed, embedded 
in paraffin, sectioned and stained, and the various types of cells may thus be 
studied in their normal relationship. Such a procedure has the advantage of eliminat- 
ing the decalcification processes which are necessary in making marrow sections in 
situ in bone. The apparatus can also be used in order to obtain the marrow from the 
bones of species larger than the mouse; for this purpose it is necessary only to 
vary the gage of the needle. 





From the Laboratory of Research Pathology, Oscar Johnson Institute, Wash- 
ington University School of Medicine. 
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LYSOZYME AND ITS RELATION TO THE ANTI. 
BACTERIAL PROPERTIES OF VARIOUS 
TISSUES AND SECRETIONS 


RICHARD THOMPSON, M.D. 


NEW YORK 


| Laschtschenko,' in 1909, observed microscopic lysis of Bacillus sub- 
tilis and related organisms by egg white. In 1911 Suzuki? reported 
macroscopic clearing of emulsions of air cocci by leukocytic extracts, and 
Bloomfield,’ in 1919, microscopic lysis of sarcinas by saliva. It remained 
for Fleming,* in 1922, however, to appreciate the remarkable potency 
and widespread nature of these lytic substances. He found that suspen- 
sions of certain air cocci were rapidly and completely dissolved by nasal 
| mucus, tears, egg white, sputum and other biologic fluids. His evidence 
indicated that the, agents concerned were of enzymatic nature, and he 
applied to them the term “lysozyme” or “lytic enzyme.” This term has 
come into general use but has been applied loosely. There has been no 
agreement as to whether it should be applied to all agents that dissolve 
the test micrococcus of Fleming or whether agents distinct from lysozyme 
could dissolve these micrococci; likewise it is uncertain whether the 
term should be applied to substances which dissolve other organisms but 
not Fleming’s micrococcus. Many authors have assumed that any anti- 
bacterial activity of any of the obviously complex biologic fluids known 



















to dissolve the micrococci is due to lysozyme. Since there is clear 
evidence that several agents, widely different in their properties, are 
concerned in such antibacterial effects, there is need for more precise 
criteria for the application of the term. 

The purpose of this review is to summarize present knowledge regard- 
ing lysozyme, to establish a working definition of lysozyme, to survey 
the antibacterial activities of a number of the materials containing 
lysozyme and to assess, as far as possible from the literature, the probable 
role of lysozyme in these activities. 


From the Departments of Ophthalmology and Bacteriology and the Institute 
of Ophthalmology, Columbia-Presbyterian Medical Center. 

1. Laschtschenko, P.: Ztschr. f. Hyg. u. Infektionskr. 64:419, 1909. 

2. Suzuki, S.: Arch. f. Hyg. 74:345, 1911. 

3. Bloomfield, A.: Bull. Johns Hopkins Hosp. 30:317, 1919. 

4. Fleming, A.: Proc. Roy. Soc., London, s.B 93:306, 1922. 
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THE AGENT IN EGG WHITE LYTIC FOR SAPROPHYTIC 
MICROCOCCI 


Fleming’s first observations were made with nasal secretions, and 
from a historical point of view the agent in these lytic for air micrococci 
should be accorded first place in the application of the term “lysozyme.” 
Nasal secretions, however, have not been studied as intensively as egg 
white. The activity of the latter agent on micrococci and sarcinas was 
studied by Fleming and later workers who have added to the concept 
of lysozyme. The ready availability of hens’ eggs, containing the lytic 
agent in high concentration, made them a convenient source for the 
large amounts of material necessary for chemical studies and made 
possible the acquirement of relatively exact knowledge regarding the 
chemical nature and mode of action of the egg white agent, which was 
not possible for other lysozyme-containing materials. As a result of this 
the egg white agent is generally regarded as typifying lysozvmes. There 
can be no question that if the term “lysozyme” is to be preserved, it 
can be applied to this agent, so that a concept of lysozyme can justifiably 
be built on knowledge regarding egg white. 

Chemical Nature and Properties —Fleming,‘ in his original paper, 
reported that egg white lysozyme as tested on his Micrococcus lysodeik- 
ticus ° was soluble in water and physiologic solution of sodium chloride. 
It was precipitated but not harmed by chloroform, ether, acetone, alcohol 
and toluene. Fleming and Allison * found that it was not affected by 
peptic or tryptic digestion. Epstein’ later showed that purified egg 
white lysozyme was inactivated by crystalline pepsin but not by crystal- 
line trypsin. The first serious attempt at purification was made by 
Wolff,* who, by removing extraneous materials with colloidal iron and 
then precipitating the lysozyme with acetone, obtained a product very 
active against M. lysodeikticus. Wolff's analysis of his active material 
did not, however, agree with the results of later investigations, since he 
found it to be free of nitrogen and sulfur. Meyer, Thompson, Palmer 
and Khorazo,’ using sarcinas as the test organisms, were next to attempt 
purification of the agent in egg white. Since all the more recent 
contributors (Roberts ;?° Roberts, Maegraith and Florey; '! Abraham 


5. Micrococcus lysodeikticus is the name given by Fleming to the air micro- 
coccus found by him to be readily dissolved by lysozyme. ‘“Lysodeikticus” means 
“capable of being dissolved.” 

6. Fleming, A., and Allison, V. D.: Lancet 1:1303, 1924. 

7. Epstein, L. A.: Personal communication to the author. 

8. Wolff, L. K.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 50:88, 1927. 

9. Meyer, K.; Thompson, R.; Palmer, J. W., and Khorazo, D.: J. Biol. 
Chem. 113:303, 1936. 

10. Roberts, E. A. H.: Quart. J. Exper. Physiol. 27:89, 1937. 

11. Roberts, E. A. H.; Maegraith, B. G., and Florey, H. W.: Quart. J. Exper. 
Physiol. 27:381, 1938. 
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and Robinson ;** Abraham **) who used M. lysodeikticus as the test 
organism are in agreement as to the main essentials with the findings 
of Meyer and co-workers, it seems best to summarize the present knowl- 
edge of the nature and properties of this agent as based on all these 
contributions. 

The active agent in egg white which dissolves the susceptible air 
cocci is a basic protein or polypeptide containing about 16 per cent 
nitrogen and 2 to 3 per cent sulfur. It has a molecular weight between 
18,000 and 25,000. Gildemeister,’* on the basis of experiments on the 
diffusion of the agent through collodion membranes, gives it a molecular 
size of less than 30 millimicrons. Egg white lysozyme is soluble in 
acidified aqueous mediums and insoluble in alkaline mediums. It is 
stable in acid. Partially purified solutions retain their original activity 
after being kept at 100 C. for thirty minutes at py 4. Very pure prepa- 
rations are less stable, but their stability increases down to pg 4 
(Epstein ’). In neutral and especially in alkaline mediums this lysozyme 
is inactivated rapidly by heat (Sandow;** Bordet**). In acid solution 
it passes easily through Berkefield V filters, but in neutral solutions it 
passes only with difficulty and only with the filtration of large volumes. 
Meyer and co-workers *® found it was inactivated by oxidizing agents, 
such as hydrogen peroxide and iodine, and by some heavy metals. 
Under certain conditions this inactivation was reversed by hydrogen 
sulfide or by a cyanide, and these workers concluded that one active 
group contained a sulfhydryl radical. 

Actions of Lysozyme—(a) Clearing of Opaque Suspensions of 
Cocci: As has already been stated, it was the rapid clearing of cloudy 
suspensions of susceptible cocci which provided a convenient method 
for estimating lysozyme concentrations and facilitated the acquirement 
of the knowledge reviewed in the foregoing paragraph. Fleming,‘ using 
serial dilutions, determined the lowest concentration which would dis- 
solve a standard suspension of his micrococci during a standard period 
of incubation, and this method with slight modifications was used by 
subsequent workers. More recently Boasson** has measured the 
diminution of non 4 in suspensions of cocci by measuring the scattered 
light thermoelectrically. In this laboratory a photoelectric method has 
been found to be more accurate in measuring lysozyme concentrations 
for some purposes than the serial dilution method. 





12. Abraham, E. P., and Robinson, R.: Nature, London 140:24, 1937. 
13. Abraham, E. P.: Biochem. J. 33:622, 1939. j 
14. Gildemeister, E.: Zentralbl. f. Bakt. (Abt. 1) 136:408, 1936 
15. Sandow, A.: Proc. Soc. Exper. Biol. & Med. 24:172, 1926 
16. Bordet, M.: Compt. rend. Soc. de biol. 99:1254, 1928 

17. Boasson, E. H.: J. Immunol. 34:281, 1938. 
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(b) Microscopic Changes Produced in Bacterial Cells: Several 
workers (Fleming;* Kigasawa;** Hallauer’®) have agreed, on the 
basis of stained preparations of the lysozyme-bacterial mixtures, that a 
marked swelling of the bacterial cells takes place before lysis occurs and 
that this is apparently due to a change in the cell walls. Boasson,** 
who studied the process in dark field suspensions as well as in stained 
preparations, found marked cellular enlargement in the latter but not in 
the former preparations. He explained the discrepancy by assuming 
that no actual enlargement of the cell occurs but only a loss of turgor 
which causes flattening and apparent enlargement in the stained prepara- 
tions. The loss of turgor he ascribed to an increase in the permeability 
of the cell wall with passage outward of the soluble cell contents. The 
yellow pigment apparently remained within the cellular skeleton. 

(c) Bacteriostatic and Bactericidal Action: Fleming * showed, and 
all subsequent workers have agreed, that lysozyme preparations which 
dissolve the susceptible organisms also kill them and inhibit their growth. 
He made agar pour plates of M. lysodeikticus and placed lysozyme 
solutions in cups cut out of the agar. On incubation the cocci grew 
throughout the plates but not in the zones around the areas of lysozyme. 
These zones of inhibition were wide and distinct, so that this offered 
almost as dramatic a method of demonstrating lysozyme action as the 
clearing of a cloudy suspension of the organisms. The size of the zones 
indicated that the lysozyme diffused quite freely through the agar. 
Fleming also showed, and it can be demonstrated at will, that cleared 
suspensions of cocci are usually sterile. There is general agreement, and 
my colleagues and I have confirmed, that there is a close parallelism 
between the lytic power and the growth-inhibiting and bactericidal power 
of egg white preparations. 

(d) Fate of Lysozyme During Lysis of the Organisms: Fleming ‘ 
showed that on addition of lysozyme to a susceptible bacterial suspension 
the agent is rapidly fixed onto the susceptible cells. This adsorption has 
been generally confirmed (Boasson **) and may readily be demonstrated 
by centrifuging the cells from the mixture before lysis has taken place. 
Until some solution of the cells has occurred, all the lysozyme is 
removed with the cells. This demonstration may be made by using cells 
which are prevented from dissolving by the presence of acid (see later 
comment on this). Fleming and Allison *° found further that in the 
process of lysis there is no neutralization of the lysozyme but that it may 
be recovered in toto from the dissolved mixture, used again to dissolve 
mpre cells and be again recovered. In fact, they obtained some indica- 


18. Kigasawa, T.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 54:155, 1927. 
19. Hallauer, C.: Zentralbl. f. Bakt. 114:519, 1929. 
20. Fleming, A., and Allison, V. D.: Proc. Roy. Soc., London, s.B 94:142, 1923. 
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tions that there was an increase in the lytic agent during the process, A 
number of workers (Nakamura; *' Boasson ; ‘' Thompson **) have also 
observed the failure of lysozyme to be neutralized by its action on the 
cells. Kigasawa,’* however, reported that if a great excess of organ- 
isms was added to the dissolved mixtures, the lysozyme was eventually 
exhausted. It may be that his results were due to dilution of the agent 
below its effective concentration or to inhibition by the products of the 
reaction. The progressively flattening curves of the speed of reaction 
which we have obtained by photoelectric measurements of the opacities 
of dissolving suspensions suggest that the products of cellular lysis do 
inhibit the action of the enzyme. The finding of Fleming and Allison * 
that there is an increase of lysozyme with lysis of the cells has not been 
generally confirmed.** The occurrence in a susceptible organism of 
an autolytic enzyme with the properties of lysozyme (see later com- 
ment) suggests that such an increase might be possible under suitable 
conditions. 

(e) Chemical Nature of the Action of Egg White Lysozyme: 
Fleming, from the first, considered that lysozyme was of the nature of 
an enzyme, and its behavior during its action supported this view. The 
findings of Meyer, Palmer, Thompson and Khorazo ** and of Epstein’ 
that a number of substances, such as bile acids, saponin, venoms and 
glycerin, would produce lysis of susceptible cells suggested that the 
part of lysozyme might be merely the release or activation of an auto- 
lytic ferment. Epstein * showed that micrococci treated with iodine and 
then washed free of it would not autolyze but were acted on by lysozyme 
so that on the addition of alkali they dissolved completely. The iodine- 
treated bacteria to which no lysozyme was added were not dissolved by 
alkali. There is general agreement from the microscopic evidence that 
lysozyme acts on the cell membrane. Until the work of Meyer and 
collaborators *4 there was no evidence as to the nature of this action, 
although Hallauer *° suggested that it was on a mucoid fraction in the 
bacteria. Meyer and co-workers ** studied the chemical changes induced 
by lysozyme on the susceptible bacterial suspensions and on certain 
mucoid substrates obtained from these and from egg white. They found 
a marked increase in reducing sugars in these cases and concluded that 
the enzyme had a specific action on the sugar linkages of certain amino 
sugar—containing carbohydrates. Removal of the acetyl groups made 
the substrates less susceptible. Increases in nonprotein nitrogen and 

21. Nakamura, O.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 38:425, 
1923-1924. 

22. Thompson, R.: Unpublished data. 

23. Kigasawa.18 Hallauer.1? Nakamura.21_ Thompson.?? 

24. Meyer, K.; Palmer, J. W.; Thompson, R., and Khorazo, D.: J. Biol. Chem. 
113:479, 1936. 
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inorganic phosphorus which occurred on solution of the bacterial cells 
they ascribed to release of the material enclosed by the bacterial mem- 
branes. It was indicated in this work that the primary change produced 
by the enzyme probably consists in disaggregation of a highly viscous 
component. Such disaggregation is known to occur with other carbo- 
hydrate-splitting enzymes and is probably of general biologic significance. 
Epstein and Chain *® have confirmed and extended the findings of 
Meyer and co-workers. They isolated from the susceptible micrococci 
a carbohydrate substrate in the form of a light brown powder forming 
viscous solutions in water, insoluble in organic solvents but soluble in 
3 per cent trichloroacetic acid. It was not dialyzable and gave a strong 
Molisch reaction. When acted on by purified lysozyme, about 50 per 
cent of the material in the purest preparation became dialyzable, and 
these dialyzable split products contained N-acetyl hexosamine and keto- 
hexose groups. 

Factors Influencing the Action of Lysozyme—(a) Temperature: 
Fleming * found that the rate of lysis of bacterial suspensions by lysozyme 
was directly related to temperature, increasing to a maximum at about 
60 C. Others (Andersen; ** Thompson **) have found the maximum 
action to take place at 55 C. The point at which increase in temperature 
ceases to increase the rate of action obviously depends on the tempera- 
ture at which destruction of the enzyme begins, which, in turn, depends 
on the hydrogen ion concentration of the material used. 

(b) Hydrogen Ion Concentration: Fleming * originally found that 
the action of lysozyme was influenced by the hydrogen ion concentration 
of the medium. He determined that the maximum lysis of his coccal 
suspensions occurred at about the neutral point. Hallauer'® and 
Jermoljewa and Bujanowskaja ** reported optimums of py 7.2 and 7.4, 
respectively. Boasson*? obtained the greatest lysis at py 6.2, and the 
unpublished findings of my group agree with his so far as the maximum 
solution occurred between py 6.05 and 6.53 (determined by glass elec- 
trode). It is now definitely established that the optimum py as determined 
by the clearing of bacterial suspensions is not actually the most favorable 
pu for the action of the enzyme but a composite optimum depending on 
several factors. At some point not far above neutrality an increase in 
the lability of lysozyme enters and destruction may occur at the tempera- 
tures of incubation. Nakamura *! showed further, and it has been 
repeatedly confirmed, that acidified cells are not dissolved by lysozyme 
but that if alkali is added to the mixtures the cells dissolve immediately. 


25. Epstein, L. A., and Chain, E.: Unpublished data. 





26. Andersen, O.: Ztschr. f. Immunititsforsch. u. exper. Therap. 70:90, 1931. 


27. Jermoljewa, Z. W., and Bujanowskaja, I. S.: Zentralbl. f. Bakt. (Abt. 1) 
122:267, 1931. 
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The cellular contents are not soluble in the more acid solutions, It is 
indicated below that susceptible organisms differ as to the point at 
which solution occurs. Meyer and co-workers ** and Epstein and Chain 
both found that the action of lysozyme on the mucoid substrate increased 
with increasing acidity down to about py 3.5, indicating that the 
optimums obtained by lytic titrations are nowhere in the region of the 
true optimum /y for the action of the enzyme. 

(c) Salt Concentrations: Fleming and Allison ** showed that the 
lytic actions of tears and other agents were favored by a 0.5 per cent 
salt concentration but inhibited by higher concentrations. Nakamura” 
confirmed this for the egg white agent. Andersen ** reported that the 
inhibiting effect of salt was greatest with the heavy metals. He showed 
that the enzyme had no action on, and was not absorbed by, the bacteria 
in the presence of 8 per cent salt, since washing the organisms free of 
salt did not result in lysis. Boasson** confirmed this inhibition of 
absorption by electrolytes and showed that the higher the valency the 
stronger the inhibitory effect of the salt. He suggested that this indicated 
the importance of electrostatic forces in the absorption and linked the 
lysozyme reaction with other immunity reactions. Boasson** showed 
also that the apparent inhibition of lysis by distilled water was due 
merely to a lack of solubility of the bacterial cell contents and that 
the addition of a small amount of alkali would dissolve the cells just as 
with the acid inhibition. 

(d) Changes in the Bacteria: A number of workers (Fleming 
and Allison ; ** Goldsworthy and Florey ; *® Gohar *°) reported that heat- 
killed cocci were definitely less susceptible to the lytic action of egg 
white enzyme than living organisms. Fleming and Allison ** demon- 
strated that here again the question of the solubility of the cellular con- 
tents was concerned; that the heat-killed cocci were affected by the 
enzyme but that the proteins were insoluble. The suspensions could be 
cleared up by digestion with trypsin, which had no effect on them 
previous to lysozyme action. Kopeloff and his co-workers *' found 
that the susceptibility of micrococci to lysozyme could be somewhat 
increased by growing them on beef extract agar instead of on casein 
digest agar. 

Fleming and Allison *° noticed the development of secondary colonies 
within the inhibition zones produced by lysozyme. The strains of cocci 
developing from these colonies were more resistant to the action of the 
egg white enzyme than was the original strain. The same authors,” 


28. Fleming, A., and Allison, V. D.: Brit. J. Exper. Path. 3:252, 1922. 

29. Goldsworthy, N. E., and Florey, H.: Brit. J. Exper. Path. 11:192, 1930. 
30. Gohar, M. A.: Zentralbl. f. Bakt. (Abt. 1) 119:240, 1930. 

31. Kopeloff, N.; Harris, M. M., and McGinn, B.: Am. J. M. Sc. 184:632, 1932. 
32. Fleming, A., and Allison, V. D.: Brit. J. Exper. Path. 8:214, 1927. 
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by growing M. lysodeikticus in broth containing progressively stronger 
concentrations of egg white, developed strains which were extremely 
resistant to lysozyme. Hallauer*® also produced resistant strains by 
growing the susceptible organisms in mediums containing sublethal 
concentrations of lysozyme. He found that the resistant strains produced 
cocci which were larger than the normal cocci and which were sur- 
rounded by broader peripheral zones. 


OTHER SOURCES OF AGENTS THAT DISSOLVE SAPROPHYTIC 
MICROCOCCI 


The ready availability of the egg white enzyme tended to concentrate 
attention on this material, but agents lytic for the same air organisms 
have been found in numerous other sources. In Fleming’s original study * 
egg white was mentioned more or less incidentally, while nasal mucus, 
tears, saliva and inflammatory exudates were noted as important sources 
of lytic agents. Since then there have been reported a considerable 
number of investigations on the lytic activity of various biologic fluids 
and tissues. Fleming’s micrococci or other air cocci, usually sarcinas, 
isolated by the authors themselves have been used in these studies. The 
following summary of the occurrence of lytic enzymes is based, unless 
otherwise noted, on the reports of Fleming,** Fleming and Allison,?* 
Florey,** Roberts, Maegraith and Florey," Ridley,®* Suranyi,** Ander- 
sen*® and Jermoljewa and Bujanowskaja.27 Those of Fleming and 
Allison and of Florey have been the most extensive studies on the dis- 
tribution of lysozyme. 

Most investigators have concerned themselves with mammalian 
materials. With few exceptions, all such tissues and fluids have been 
found to contain the lytic agents. Cerebrospinal fluid, normal urine, 
sweat, aqueous humor and lens (Cavca and Prica*’) contain no 
lysozyme. Concentrations of the enzyme elsewhere vary in the different 
tissues and in the same tissue in different animal species. Practically 
all cat tissues were found to be poor in the agent. Among the secretions, 
human tears are particularly rich in lysozyme, but tears of some other 
species (rat and cat) contain little or none. That the source of the tear 
enzyme is the lacrimal gland is indicated by the fact that the tissues of 
this gland contain the agent in high concentration—in the dog, about 
forty times the concentration found in the conjunctival mucosa (Thomp- 
son and Gallardo **). Saliva, nasal mucus and gastric and intestinal 


33. Fleming, A.: (a) Proc. Roy. Soc. Med. 26:71, 1932; (b) footnote 4. 

34. Florey, H.: Brit. J. Exper. Path. 11:251, 1930. 

35. Ridley, F.: Proc. Roy. Soc. Med. 21:1495, 1928. 

36. Suranyi, L.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 49:166, 1926. 
37. Cavea, V., and Prica, M.: Arch. f. Ophth. 121:740, 1929 

38. Thompson, R., and Gallardo, E.: Am. J. Ophth. 19:684, 1936. 


: 
i 
H 
A, 
' 
5 
H 
t 
" 
a 
Hi 
a 
q 


i 
4 

: 
4 




















1104 ARCHIVES OF PATHOLOGY 


mucus of most species contain considerable quantities of the enzyme, 
Vaginal washings contain small quantities.** The spleen, kidneys, liver, 
lungs and lymph glands of all animals contain relatively high cop. 
centrations, as do also the mucosa of the stomach and intestines. Milk 
has been the subject of a number of special studies (Bordet and Bordet;# 
Blatt and Kessler; *! Prickett, Miller and McDonald; * Sadakata “*. 
The milk of most species contains lysozyme. Commercial cow’s milk, 
however, contains little, and this disappears rapidly on standing, 
Human milk is a comparatively rich source of the enzyme. Colostrum 
also contains lysozyme. All pathologic exudates and transudates tested 
have been lytic for susceptible organisms. Leukocytes were found to 
be especially rich in lysozyme by Fleming *** and by Ridley.*® Accord- 
ing to the latter, human leukocytes have approximately the same content 
as tears. The lysozyme content of blood and serum probably originates 
from the leukocytes (Ridley; ** Bradford and Roberts **). 

The eggs of other bird species investigated have contained lysozyme 
in lower concentration than hen eggs. Some fish eggs contain it, while 
frog eggs apparently do not. Turnips, cabbages and cauliflowers con- 
tain small amounts, while many other vegetables tested have given 
negative results. Fleming *** obtained from another air coccus a lytic 
enzyme active against his micrococcus, and Meyer and co-workers * 
isolated from a sarcina susceptible to the egg white lysozyme an autolytic 
enzyme with properties similar to the egg white enzyme. 

Evidence for the Similarity of These Agents to Egg White Lysozyme. 
—Available biologic analogies do not allow one to expect that the 
enzymes in such varied materials as bacteria and human tears have an 
exactly identical constitution, but one assumes that a practical proof of 
essential identity would consist in the demonstration of a close similarity 
in chemical properties and of a specific action on identical substrates in 
the susceptible cocci. Few of the agents lysing the micrococci have 
been studied in these respects, but for some there is considerable evi- 
dence to indicate that such proof of identity will soon be available. 
Fleming *** found that the active agents in a number of the materials 
which dissolved his air coccus were alike in heat resistance and solu- 
bility and in being precipitated and not injured by acetone and similar 
organic solvents. The lytic agent which Meyer and co-workers obtained 
from the susceptible sarcinas was similar to the egg white agent in being 
precipitated by acetone, in being soluble and heat resistant in alcohol- 





39. Hardy, G., and Thompson, R.: Unpublished data. 

40. Bordet, J., and Bordet, M.: Compt. rend. Acad. d. sc. 179:1109, 1924. 

41. Blatt, M., and Kessler, H.: Am. J. Dis. Child. 58:768, 1937. 

42. Prickett, P. S.; Miller, N. J., and McDonald, F. G.: J. Bact. 25:61, 1933. 
43. Sadakata, K.: Am. J. Dis. Child. 45:1360, 1933 

44. Bradford, W. L., and Roberts, J. B.: J. Pediat. 8:24, 1936. 
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acetic acid mixtures and in being precipitated by flavianic acid. Roberts, 
Maegraith and Florey *' made careful studies of the lytic agent in cats’ 
saliva and found it to be essentially similar to the egg white enzyme. 
Both were of basic nature, forming salts with flavianic acid and had 
similar solubility and sedimentation constants. Slight differences in 
nitrogen content found by these authors do not seem to be significant in 
view of the discrepancies between their figures for egg white and those 
of Meyer and co-workers ° and of Abraham.’* They did find that the 
agents in egg white and saliva were antigenically distinct. The serums 
of rabbits immunized with purified enzyme from egg white precipitated 
and neutralized this enzyme but had no effect on purified enzyme from 
cats’ saliva. A slight neutralization and precipitation of the enzyme in 
human saliva was effected by the anti-egg white enzyme serum. The 
coccus-dissolving agents in human tears, saliva, nasal mucus and rabbit 
leukocyte exudate were all soluble and heat stable in acid medium but 
were rapidly destroyed in slightly alkaline solution (Thompson **). The 
lytic agent in tears was precipitated unharmed by flavianic acid (Thomp- 
son and Meyer *°). 

Epstein and Chain *° studied the chemical actions of rabbit leukocyte 
extracts, human tears, cat saliva and human saliva on the purified 
carbohydrate substrate obtained from M. lysodeikticus. They found that 
all these agents acted on the substrate with the liberation of N-acetyl 
hexosamine and other reducing substances in the same way as did the 
purified egg white enzyme. 

Fleming and Allison,*® by repeated transfers of M. lysodeikticus in 
diluted lysozyme preparations, produced strains of organisms which 
were markedly more resistant to lysis than was the original strain. They 
found that a strain resistant to an agent from one source was equally 
resistant to all other agents tested, including preparations from sources 
as varied as mammalian secretions, egg white and turnip juice. 

It is therefore reasonably certain that the agents lytic for sarcinas and 
micrococci, which occur in many widely different sources, are very similar 
in chemical constitution and properties and act in an identical manner 
on the carbohydrate substrate in these organisms. It seems justifiable 
to include all these agents under the term “lysozyme.” 


FACTORS AFFECTING THE CONCENTRATIONS OF LYSOZYME IN 
SECRETIONS AND TISSUES 
Several factors have been found to influence the concentration of 
lysozyme in the secretions and tissues. Hypersecretion of the lysozyme- 
secreting glands causes an eventual diminution of lysozyme in the secre- 


45. Thompson, R., and Meyer, K.: Unpublished data 
46. Fleming and Allison (footnotes 20 and 32) 
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tions and in the secreting tissues. Ridley *° first demonstrated that the 
tears of human beings who had suffered from epiphora for some time 
were lower in lysozyme content than were normal tears. Conjune- 
tivitis or corneal disease resulting in epiphora therefore caused such 
diminution. This has been confirmed by several workers.*’ Hilding# 
reported that the lysozyme concentrations of nasal secretion were dimip. 
ished during acute colds. Exhaustion through hypersecretion has beep 
advanced as the explanation for the low lysozyme content of commercial 
cow’s milk. Pilocarpine stimulation of secretion diminished the lysozyme 
content of dogs’ tears, according to Hallauer.*** Roberts, Maegraith and 
Florey ** used pilocarpine to obtain large quantities of cats’ saliva and 
found that the lysozyme concentration was temporarily increased after 
each injection but fell off rapidly after about 200 cc. of saliva had been 
secreted. Sullivan and Manville *® reported that pilocarpine produced, 
as a result of the increase in the secretion of mucus, a marked lessening 
of the lysozyme content in the colonic mucosa in rabbits. Atropine 
does not affect the lysozyme concentration in normal human tears but 
increases it by diminishing hypersecretion when that is present (Rid- 
ley ; °° Hallauer ***). 

There appears to be a relationship between intake of vitamin A 
and secretion of lysozyme. Findlay °° washed the xerophthalmic eyes 
of vitamin A-deficient rats with human tears and obtained cure of the 
ocular condition. Andersen ™ found a subnormal amount of lysozyme in 
the tears of human twins suffering from xerophthalmia. On the addi- 
tion of vitamin A to the diet of the twins the lysozyme increased and the 
xerophthalmia concurrently improved. Tissue lysozyme concentrations 
in vitamin A deficiency have been studied by several workers. Frank® 
found that only the liver of vitamin A—deficient rats had a lysozyme con- 
tent less than normal. Prickett, Miller and McDonald ** surprisingly 
found vitamin A-deficient rats to have higher tissue concentrations of 
lysozyme than normal rats. Sullivan and Manville *® also found an 
increased lysozyme concentration in the colonic mucosa of rabbits on 
a diet deficient in vitamin A. The concentrations were twice those of 
normal rabbits. As an explanation for the apparently anomalous findings 
of Prickett, Miller and McDonald ** and themselves, they advanced, and 
supported by experiment, the hypothesis that as a result of a disturbance 


47. (a) Hallauer, C.: Arch. f. Augenh. 103:198, 1930. (b) James, W. M.: 
Am. J. Ophth. 18:1109, 1935. (c) Thompson and Gallardo.?8 

48. Hilding, A.: Arch. Otolaryng. 20:38, 1934. 

49. Sullivan, N. P., and Manville, I. A.: Am. J. Pub. Health 27:1108, 1937. 

50. Findlay, G. M.: Brit. J. Exper. Path. 6:16, 1925. 

51. Andersen, O.: Acta pediat. 14:81, 1932. 

52. Frank, M.: Monatschr. f. Kinderh. 60:345, 1934. 

53. Prickett, P. S.; Miller, N. J., and McDonald, F. G.: J. Bact. 32:27, 1937 
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of the uronic acid metabolism the mucous glands of vitamin A-deficient 
animals are unable to secrete mucus and that the lysozyme normally 
being carried by the mucus is retained and the concentration increased. 
They removed one half of the colon from normal and from vitamin 
A-deficient rabbits and administered pilocarpine to stimulate secretion 
of mucus in the remaining part. In the normal rabbits the colonic mucosa 
after the injection of pilocarpine contained significantly less lysozyme 
than the tissue removed before the stimulation. In the vitamin A- 
deficient rabbits, however, there was no lessening of lysozyme concentra- 
tion as a result of the action of pilocarpine. In further support of their 
thesis these authors found that dried apple (pectin) fed to the vitamin 
A-deficient rabbits kept the lysozyme concentration in the mucosa 
normal. Menthol poisoning, interfering with uronic acid metabolism, 
produced changes similar to those of vitamin A deficiency, changes which 
could also be prevented by the apple feeding. 

Immunization by the injection of lysozyme-susceptible organisms did 
not increase the lysozyme content of the tissues or secretions (Allison **). 
Injections of nonspecific protein had no effect on the lysozyme con- 
centration of tears, according to James.*’® 


LYSIS OF OTHER SAPROPHYTES BY LYSOZYME-CONTAINING MATERIALS 


Fleming *** and others have shown that many air saprophytes, 
bacilli as well as cocci, are readily dissolved by materials which lyse the 
better studied micrococci. It is not yet clear whether or not different 
agents are concerned in the lysis of some of these saprophytes. Bordet °° 
reported that a bacillus isolated by her was dissolved by dogs’ saliva and 
by human sweat but that human saliva had little effect on it. Fleming’s 
micrococus, on the other hand, was readily dissolved by human saliva 
but not by sweat. Suranyi*® also reported that a diplococcus was 
dissolved by egg white but was completely resistant to tears. The results 
of these workers seem to indicate that different lytic agents were present 
in the respective materials, but as none controlled the hydrogen ion con- 
centration during their tests, it is possible that differences in the solubility 
of the various bacterial proteins accounted for the results. Thompson 
tested the lytic actions of egg white, human tears, saliva and extracts of 
various cat, rabbit and mouse tissues against a number of different egg 
white-susceptible organisms, including M. lysodeikticus, several Sarcinae, 
air staphylococci and several gram-positive and gram-negative sapro- 
phytic bacilli. With hydrogen ion concentrations controlled, the lytic 
actions were consistently parallel. A lytic agent with a highest potency 
against one organism had a highest potency agains* all. An agent least 
active against one was least active against all. Conversely, an organism 


54. Allison, V. D.: Brit. J. Exper. Path. 5:165, 1924. 
55. Bordet, M.: Compt. rend. Soc. de biol. 99:1252, 1928. 
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which was relatively insensitive to one agent was insensitive to all, Jp 
tests with unbuffered suspensions and unadjusted solutions the results 
were otherwise. A gram-positive bacillus appeared to be absolutely 
insensitive to egg white lysozyme which was extremely potent againg 
other organisms. This organism was shown to be just as sensitive ay 
the others if a drop of alkali was added to the mixture, and in later 
tests with accurately controlled buffered solutions it showed a Sensitivity 
parallel to that of the other organisms. The cellular contents of these 
bacilli may be insoluble in slightly acid solutions that readily complete 
the solution of the micrococci, or it may be that the cultures themselyes 
are sufficiently acid to throw the py of the unbuffered mixtures suff. 
ciently to the acid side to prevent solution of the bacillary contents, [jt 
is possible that Bordet’s and Suranyi’s results were due to some such 
factors. 

Epstein and Chain** obtained from several egg white—susceptible 
nonmicrococcic organisms carbohydrate fractions which were acted on 
by purified egg white lysozyme with release of N-acetyl hexosamine 
and other reducing substances just as with M. lysodeikticus substrate, 
The organisms studied included a gram-positive rod, a strain of B. 
subtilis and a gram-negative rod. The latter two were not dissolved 
but were killed by the enzyme. This work of Epstein and Chain 
indicates that egg white lysozyme acts on the other saprophytes studied 
by the same mechanism by which it attacks the micrococci. The parallel 
sensitivity of the saprophytes studied to the different lysozyme-containing 
materials suggests that these agents also utilize the same mechanism 
in acting on these organisms. The possibility remains that other air 
saprophytes may be dissolved just as dramatically by some other agents. 
There is at present, however, no evidence for the existence of such 
enzymes. Provisionally it seems justifiable to include the lytic actions 
of lysozyme-containing materials on various saprophytes as evidence 
of lysozyme action. 

Agglutination of Saprophytes Without Lysis—Friedberger and 
Hoder ** found that many air saprophytes isolated by them were not 
dissolved by egg white but were agglutinated by it. The flocculating 
property appeared to run parallel with the lytic so far as they were 
simultaneously destroyed by boiling, inhibited by 8 per cent salt con- 
centrations and adsorbed by charcoal. Heat-killed bacteria were less 
affected by both properties. Thompson *? also found that certain sapro- 
phytes were agglutinated by egg white and other lysozyme preparations. 
In some cases organisms which were dissolved by very active prepara- 
tions were agglutinated by less active extracts. The latter, however, 
dissolved more susceptible organisms. Occasionally agglutination of 
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the very susceptible micrococci or sarcinas by purified egg white 


lysozyme has been noticed before lysis takes place. It would appear 
that agglutination results from the adsorption of the lysozyme onto 
organisms, which for some reason are not dissolved. 


ANTIBACTERIAL ACTIVITY OF SOME LYSOZYME-CONTAINING MATERIALS 
AGAINST PARASITIC AND PATHOGENIC BACTERIA 


The general assumption has been that lysozyme affects only sapro- 
phytic bacteria, although Fleming,*** Ridley *° and others have main- 
tained that pathogenic organisms are affected by it. These authors have 
shown that lysozyme-containing secretions do affect certain pathogens 
and have assumed that the lysozyme must be the responsible agent. Such 
an assumption is obviously unsound and has been shown to be incorrect 
in regard to at least one secretion. On the other hand, the undoubted 
antibacterial activity of the lysozyme-containing materials has been 
ignored by the opposite school. To obtain an accurate answer to the 
question whether lysozyme affects pathogenic organisms, it is necessary 
to consider separately the various lysozyme-containing materials which 
have been shown to affect pathogens and to review the evidence indicat- 
ing whether or not such action is due to lysozyme. Since the occurrence 
of antibacterial agents distinct from lysozyme has been most clearly 
shown for saliva, this secretion will be considered first. 


Saliva—Early workers were greatly impressed by the resistance 
to infection of tissues of the mouth. An antibacterial action of the mouth 
fluids was soon advanced, naturally, as an explanation for this, and many 
experiments to prove or to disprove this action have been reported. Up 
to 1934 only one method was used to demonstrate the antibacterial action 
of saliva. This consisted in inoculating organisms into fresh, unchanged 
or into filtered saliva and plating out the mixtures at intervals to deter- 
mine whether or not the organisms had been killed, had remained 
stationary or had multiplied. Although several authors had previously 
assumed an antibacterial action, Sanarelli,*’ in 1891, was apparently 
the first to put it to experimental test. He found that staphylococci and 
streptococci were killed by Chamberland filtrates of saliva, while several 
other organisms multiplied in them. Triola,®* in 1898, reported that 
fresh saliva killed orange and white staphylococci and typhoid bacilli 
as well as sarcinas. Cultures several days old were more susceptible 
than young cultures. Filtered saliva was without effect. Graham 
and Bloomfield *° found, respectively, that pneumococci and influenza 


57. Sanarelli, G.: Centralbl. f. Bakt. 10:817, 1891. 

58. Triola, G.: Centralbl. f. Bakt. 24:596, 1898. 

59. Graham, E. A.: J. Infect. Dis. $:273, 1908. 

60. Bloomfield, A. L.: Bull. Johns Hopkins Hosp. 31:85, 1920. 


oe Bain AEBS IE 


aie is. ret a ee Ot Ae 








1110 





ARCHIVES OF PATHOLOGY 


bacilli were killed by fresh saliva. The latter ** found that colon : 
staphylococci and Friedlander’s bacilli were not affected. H 
schmidt ®* questioned the extent or importance of salivary antibacterial 
action, finding that filtered saliva had only a limited action against 
staphylococci and a very questionable activity against torulas, vibrigs 
and streptococci. Michel ** and Bezi* also reported very slight and 
questionable salivary antibacterial activity. No evidence of antibacterial 
action which could not be explained by lack of nutrition was detected 
by Miller,** Clairmont,®* Barnes ** or Van der Reis.** It would seem 
that the inconclusive results of this earlier work were due partly to 
the shortcomings of the method used and to the failure to use adequate 
controls. With unfiltered saliva, contamination with the normal flora 
of the mouth was an inevitable complicating factor. With filtered or 
heated saliva, it was possible that an antibacterial factor had been 
removed. 

In 1934, with the work of Dold and Weigmann,® a new period 
began, in which new methods were introduced and the old method was 
more adequately controlled. Since much of the work in the later period 
has been concentrated on two organisms, the diphtheria bacillus and 
Lactobacillus acidophilus, it is convenient to take up the work on these 
organisms separately and then to discuss the reports on various other 
organisms. 


(a) The Diphtheria Bacillus: In 1934, Dold and Weigmann,” 


using the old method, found that diphtheria bacilli inoculated into fresh 
saliva died out in a few hours but grew in the same saliva after it had 


been 


heated to 56 C. for thirty minutes. They found also that the 


organisms would not grow on agar plates containing 25 per cent of 
fresh saliva. Their findings were confirmed by Dold,*® Weigmann and 
Koehn,"* Dold and co-workers,** Weigmann and Noeske*™ and 
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Casassa."* Dold applied the name “inhibine” to the supposed agent 
responsible for the inhibiting action and considered that the same agent 
was responsible for the inhibiting action of saliva against a number of 
other bacteria. In view of the great uncertainty regarding the nature 
or the unity of the inhibiting actions of saliva, it appears to us that 
the application of a specific name is not at present justified and may 
be misleading. Dold °° also demonstrated the inhibiting effect by placing 
a loopful of saliva onto a heavy inoculum of the organisms spread over 
the surface of an agar plate. I have found ** that the inhibition of 
diphtheria bacilli by saliva may be demonstrated at will by placing a 
small drop of saliva on an agar pour plate containing an evenly dis- 
tributed suitable inoculum of the bacilli. A distinct colony-free zone 
about the drop becomes evident after incubation. If the inoculum is 
too heavy, no zone is seen. With diminishing inoculums, the zone 
becomes progressively wider until the number of colonies becomes too 
small for them to show clear demarcation. The action is shown by 
some salivas in dilutions as high as 1: 1,000. 

Dold and his co-workers ** found that salivas from different persons 
varied considerably in their action. There was no correlation with the 
state of antidiphtheria immunity. The same person’s saliva varied in 
its action from time to time. Weigmann and Koehn™ found gravis 
and mitis strains of bacilli to be equally affected. The majority of 
authors (Dold and Weigmann;‘*® Dold and co-workers ;*? Weigmann 
and Noeske **) have reported that the agent is destroyed by heating at 
56 C. in from five to thirty minutes, although Casassa ** reported that 
it resisted a temperature of 58 C. for thirty minutes. Dold and 
co-workers ** and Weigmann and Noeske ** found that filtration removed 


the active agent, but Weigmann and Koehn™ and Casassa™ found 
that Seitz and Berkefeld filtrates, respectively, were active. 


In view of the recognized inhibiting action of a number of bacteria on diphtheria 
bacilli [Besta and Kuhn; 75 Auerswald 7] and of the destruction of the salivary 
agent by heat and possibly by filtration, it is necessary to consider the view that 
the inhibiting action of saliva is due to the contaminating bacteria. Weigmann 
and Noeske 73 found that there was no correlation between saliva’s action against 
the diphtheria bacillus and its bacterial content. They also found that saliva 
inactivated by filtration could not be reactivated by restoring to it the original 
mouth bacteria. Auerswald** reported that bacteria which inhibit diphtheria 
bacilli are not found in saliva and, conversely, that the common parasites of the 
mouth do not inhibit. 

Some of the earlier workers, Edinger,6* Miller,*5 Martinotti ®? and, more 
recently, Clauberg,7? ascribed the inhibiting action of saliva on bacteria to the 


74. Casassa, T. M.: Gior. di batteriol. e immunol. 18:381, 1937; abstracted, 
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presence of potassium thiocyanide. However, Haugenschmidt ®? found that this salt 
in the concentration found in saliva had no inhibiting action on bacteria. [2 
found that a drop of 0.046 per cent solution of potassium thiocyanide placed on 
an agar pour plate of diphtheria bacilli produced no colony-free zone, while saliy, 
produced a large zone. The concentration of thiocyanide in saliva is usually give, 
as 0.005 per cent. 

Schaefer 78 followed some of the earlier workers in ascribing the inhibition of 
diphtheria bacilli by saliva to a lack of nutriment. He found that filtered saliva jg 
agar plates to a concentration of 25 per cent inhibited the growth of the organisms 
spread on the agar but did not do so when a little ascitic fluid was added to the 
plates. However, the finding of most workers, already mentioned, that filtered 
or heated saliva usually does not inhibit while the same saliva in the fresh cop. 
dition does so makes Schaefer’s explanation improbable. Lack of nutriment cannot 
explain the inhibition of growth of the organisms by the drop on the pour plate 
since the organisms within the zone of the drop have the same nutriment as 
those without. 


The possible role of lysozyme in the action of saliva against the 
diphtheria bacillus was apparently first suggested by Schmidt.” Dold 
and his co-workers ** summarized their evidence against this view as 
follows: Inhibin is more heat labile than is lysozyme and is not fil- 
trable as is lysozyme. It is less diffusible and more affected by sunlight 
and drying. Lysozyme is water soluble and precipitated but not injured 
by alcohol and acetone. Inhibin is insoluble in water and destroyed 
by these agents. It is not clear that Dold and his co-workers compared 
the antidiphtheria agent with lysozyme in the same materials and under 
the same conditions or that they accepted the properties of lysozyme as 
given in the literature. In the absence of direct comparison most of 
the points of differentiation given are of little significance. It has been 
pointed out that the solubility, heat lability and filtrability of lysozyme 
are affected by the py of the medium and that unless this is controlled, 
statements as to these properties have no significance. However, I™ 
have found that it is possible to destroy the antidiphtheria agent of a 
given sample of saliva without affecting at all the lysozyme content. A 
specimen of saliva was divided into two portions. One portion was 
made acid to congo red by the addition of a few drops of normal hydro- 
chloric acid and placed in a water bath at 100 C. for five minutes. After 
cooling, neutralizing to litmus and centrifuging, the supernatant was 
compared with the fresh, untreated portion as to activities against 
M. lysodeikticus and the diphtheria bacillus. The lysozyme activity of 
the heated saliva was not diminished in the slightest degree, while its 
antidiphtheria action was completely destroyed. Berkefeld filtration of 
acidified salivas also removed the inhibin without affecting the lysozyme. 
Tears and egg white, both more potent in regard to lysozyme than 
saliva, had no action on the diphtheria bacillus by the drop—pour plate 
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method. It is evident, therefore, that lysozyme activity in no way 


depends on the agent which is responsible for the inhibition of the 
diphtheria organisms, but the possibility that the antidiphtheria action 
‘; due to lysozyme cooperating with some more labile agent remains 


to be disproved. 

(b) Lactobacillus Acidophilus: The possible implication of 
acidophilic organisms in the etiology of dental caries led a number 
of workers to study the action of saliva on these organisms. The 
method found suitable for demonstrating the action of saliva on lacto- 
bacilli differed from those so far described in this paper. Small disks 
of agar were cut from solidified, sparsely inoculated tomato-agar pour 
plates. The saliva to be tested was introduced into the resulting cups. 
After incubation, colony-free zones about the cups indicated the inhi- 
bition of growth in these areas. This method, for convenience, will 
be referred to as the agar cup method. Most of the reports on the 
inhibition of lactobacilli are from one group of workers : Clough,*®° Hine,*' 
Taylor and Bibby,*? Bibby,** Clough, Bibby and Berry,** and Bibby, 
Clough and Hine.*®* Hill ** and I ** have confirmed the fact that most 
salivas will inhibit the growth of L. acidophilus by this method. Clough 
Bibby and Berry ** showed that the organisms in the colony-free zone 
were killed and not merely inhibited. The same authors found that 
the inoculation of saliva was not a suitable method for the demonstration 
of inhibition, and 1** have found that the drop on agar pour plate 
method, in principle very similar to the cup method, is not as good as 
the latter for demonstrating the inhibition, although, curiously, for the 
diphtheria bacillus the reverse is true. It is not clear why the agar 
cup method should be so peculiarly suited to demonstrating the action 
on this particular organism. 

There is general agreement that saliva specimens from different 
persons vary greatly in activity, some being practically inactive. Saliva 
specimens taken from the same person vary in activity from time to 
time. There are no consistent differences in saliva specimens from 
children as compared with those from adults (Clough, Bibby and 
Berry **). Hill*®* found that saliva specimens from caries-resistant 
persons were more active than those from caries-susceptible persons, but 
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Clough and associates ** could find no relation between the activity gf 
saliva against L. acidophilus and “the state of oral health.” 





The evidence available indicates that the salivary bacteria are not concerned 
in the inhibition of the lactobacilli by saliva. Taylor and Bibby *? found thg 
prolonged centrifugation of saliva did not concentrate the active agent in the 
sediment. Oral bacteria, directly obtained from saliva or from cultures, did not 
produce zones about the cups (Clough, Bibby and Berry; ** Bibby, Clough ang 
Hine *5). Finally, although Clough ®° reported that the anti-L. acidophilus agent 
was not filtrable, later reports (Bibby; **> Clough, Bibby and Berry; % Bibby, 
Clough and Hine **) have shown that the agent does pass Berkefeld N or y 
filters readily and passes W filters when large amounts are filtered. 


The lysozyme of saliva is not the agent causing the inhibition of the 
lactobacillus. Several workers have been able to remove one factor from 
saliva without affecting the other. Bibby **® obtained, by Berkefeld 
filtration, the material active against L. acidophilus but not against 
M. lysodeikticus. From present knowledge of lysozyme it is logical 
to expect that it would not filter readily at the py of normal saliva. By 
heating saliva at 73 C. for fifteen minutes, Taylor and Bibby * destroyed 
the anti-L. acidophilus agent but retained the lysozyme. I** was able 
to attain the same results by heating acidified saliva to 100 C. for five. 
minutes. The anti-L. acidophilus agent also differs from lysozyme in 
being only partially precipitable by acetone and in being inactivated by 
acid (Bibby **). Tears and egg white, although containing greater con- 
centrations of lysozyme than saliva, do not inhibit the growth of L. 
acidophilus by the agar cup method (Thompson **). 

It is clear that the inhibiting action of saliva on L. acidophilus is 
not due to the bacteria of the mouth or to lysozyme, but apart from this 
there is little known as to its nature. Bibby **” suggested that the agent 
in question resembles amylase but presented no direct evidence as to its 
identity with this enzyme. Clough, Bibby and Berry,** because the 
active substance is destroyed by ultraviolet rays and by repeated freezing 
and thawing, suggested that it is a protein, but admitted that there is 
little evidence as to its nature. 

(c) Other Bacteria: Several of the authors quoted and some addi- 
tional ones have studied the action of saliva on numerous other organ- 
isms. The variable results and in some cases the meager reports make 
a clear assessment of the findings very difficult. The most consistently 
positive results with the various methods have been obtained with white 
staphylococci (Grabner ; ** Casassa ; ™* Dold and co-workers ; *? Clough;™ 
Hine ; * Bibby ; ** Bibby, Clough and Hine **). Orange staphylococci also 
have been reported to be inhibited by saliva (Dodd and co-workers; ® 
Weigmann and Noeske;** Hine *'). Bibby, Clough and Hine ** could 


find no difference in the susceptibility of orange and white staphylococci, 
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but 1% have found nonpathogenic staphylococci to be inhibited to a 
greater degree and more consistently than the pathogenic orange types. 
Inhibition of the hemolytic streptococcus was reported by Grabner * 
Weigmann and Noeske,** Hine ** and Bibby.**” I found a slight but 
fairly constant inhibition of one strain in a number of tests with different 
salivas. Pesch and Damm ** and Weigmann and Noeske ™ reported the 
killing and: inhibition of pneumococci by fresh saliva, but Taylor and 
Bibby * could detect no inhibition by the agar cup method. Gram- 
negative bacilli have in general been found to be less susceptible than 
the gram-positive bacilli (Dold and co-workers;**? Weigmann and 
Noeske;** Bibby, Clough, Hine **), but Friedlander’s bacillus was 
found by Prica *® and by Berg *° to be quite susceptible. 

In most cases there is too little evidence to permit one to come to any 
conclusion as to the nature of the inhibiting agent. Whenever reasonably 
adequate studies have been made, the properties of the agents have 
resembled those of the agents active against the diphtheria bacillus or 
L. acidophilus, respectively (Dold and co-workers ;** Weigmann and 
Noeske; ** Berg; °° Bibby, Clough and Hine **). In my experiments 
also ** the inhibiting action of saliva against staphylococci and strepto- 
cocci could be destroyed without affecting the lysozyme content. 

The possibility that the action of saliva against some of the organisms tested 
may be due to bacterial antagonism is by no means eliminated. Appleton and 
Dietz *! found that the action of saliva on a number of gram-negative organisms 
was destroyed by filtration or by heating but could be restored by restoring the 
salivary bacteria. Prica*®® also indicated that the action against Friedlander’s 
bacillus was due to bacterial antagonism. He found that salivary bacteria growing 
on cellophane could inhibit the growth of the bacillus on the other side of the 
membrane. Berg,®° however, found that the salivary bacteria had no action on 
Friedlander’s bacillus, and others (Weigmann and Noeske; 7? Bibby, Clough and 
Hine *5) reported that the salivary bacteria had no action on various organisms 
which were affected by saliva. 

Francis ®? found that only 1 of 16 specimens of human saliva had any neutral- 
izing action on influenza virus. Cats’ saliva, according to Burnet, Lush and Jack- 


son,®* had no action on the influenza virus (all types), and Jungblut %* could detect 
no evidence of neutralization of poliomyelitis virus by human saliva. 


Summarizing the available knowledge regarding the antibacterial 
actions of saliva, one finds that it is probable but not certain that the 
agents acting against diphtheria bacilli, acidophilous bacilli and some 


. Pesch, K. L., and Damm, R.: Ztschr. f. Hyg. u. Infektionskr. 118:1, 1936. 
. Prica, M.: Ztschr. f. Hyg. u. Infektionskr. 119:306 and 193, 1937. 
. Berg, A.: Ztschr. f. Hyg. u. Infektionskr. 120:450, 1938. 
91. Appleton, J. L. T., and Dietz, A. K.: J. Dent. Research 16:325, 1937. 
92. Francis, T.: Science 91:198, 1940. 
93. Burnet, F. M.; Lush, P., and Jackson, H. V.: Brit. J. Exper. Path 20: 
377, 1939. 


94. Jungblut, C. W.: Proc. Soc. Exper. Biol. & Med. $32: 1534, 1935. 
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other organisms are similar and may be identical. This agent (or agents) 
is differentiated from lysozyme by its heat lability in acid solutions, but 
otherwise its nature is unknown. It is improbable, though not dis. 
proved, that a complex of lysozyme plus a heat labile agent is responsible 
for the actions. With some exceptions, the susceptible organisms are 
gram positive. 

Tears—The relative infrequency of postoperative ocular infections 
was generally recognized even in pre-Listerian days. The earlier hac. 
teriologists noted that few organisms could be cultivated from the normal 
conjunctivas as compared with the other mucous membranes. They 
found that organisms placed in the conjunctival sac rapidly disappeared 
therefrom (van Genderen Stort,®° Bernheim,®* Bach,*? Hirota ® and 
others). It was suggested that mechanical factors, such as the constant 
flushing by tears and the winking of the eyelids, were responsible for 
keeping the conjunctivas free of organisms, and considerable evidence 
was gathered in support of this view (Leber; ** Stort; °° Bernheim;* 
Bach ; ** Romer; * Hirota; * Schirmer**'). That conjunctival fluids 
had bactericidal or inhibitory actions was early suggested, and many 
workers endeavored to demonstrate such actions in vitro. 


Tears as usually obtained from the conjunctivas are mixtures of lacrimal and 
conjunctival secretions containing exfoliated epithelial cells, occasional leukocytes 
and possibly meibomian secretion. They can normally be obtained only in minute 
quantities (0.5-0.75 Gm. in sixteen waking hours, according to Schirmer 1), so 
that it is necessary to resort to some stimulation or irritation to increase the flow. 
Many workers have utilized tears from eyes with epiphora resulting from con- 
junctival or corneal disease, The relative proportions of the various constituents 
of tears are changed by inflammation so that, strictly speaking, it is not correct 
to consider them as normal tears. For the sake of brevity, however, such secre- 
tions will be referred to as tears, but in all cases it will be indicated where and 
how such tears were obtained. 


Most of the workers on the antibacterial action of tears have utilized 
essentially the same technic. Varying inoculums of the organisms to 
be tested were made into small volumes of undiluted or diluted tears, 
and constant amounts of the mixtures were plated out immediately and 
at varying periods during incubation at 37 C. A comparison of the 
numbers of colonies at the later periods with the initial numbers demon- 
strated killing, inhibition or growth of the organisms. In some cases 
small amounts of nutriment were added to the tears and control inocula- 


95. van Genderen Stort, A. G. H.: Arch. f. Hyg. 13:395, 1891. 
96. Bernheim, J.: Beitr. z. Augenh. 8:61, 1893 

97. Bach, L.: Arch. f. Ophth. 40:130, 1894. 

98. Hirota, K.: Centralbl. f. Bakt. 31:225, 1902. 

99. Leber, cited by Bernheim. 

100. Rémer: Ztschr. f. Hyg. u. Infektionskr. 32:285, 1894. 

101. Schirmer, O.: Arch. f. Ophth. 56:197, 1903. 
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tions made into saline solution with the same additions. The results 
obtained by this method were somewhat contradictory, but a careful 
analysis of the papers brings out certain facts. Staphylococci were the 
organisms most frequently tested. Bernheim,** Marthen,’®? Bach,*" 
Ahistrém,'** Helleberg,*°* Lindahl,*®* Meissner,'** Ridley * and Thomp- 
son and Gallardo ‘” all found that staphylococci were killed or inhibited 
in various degrees. Both aureus and albus strains were affected. Bach 
obtained effects with saline solutions equal to those with tears, and 
Ahlstrém *°* also considered the inhibitory effect to be merely that of 
a poor nutrient medium. However, Marthen,’*? Lindahl,*® Helleberg,’* 
Ridley ** and also Thompson and Gallardo *”' controlled their results by 
adding broth or other nutriment to both salt solution and tears and 
found that the staphylococci grew in the saline controls but not in the 
tears. Bernheim * and also Helleberg** stressed the importance of 
the number of organisms introduced: With too large an inoculum, the 
effect was masked. The concentration of tears was also of importance: 
With dilution, the effect was rapidly lost. Ridley ** and also Thompson 
and Gallardo **? found that dilution of from three to four times was 
sufficient to destroy the action against pathogenic staphylococci. There is 
little question that tears have an antibacterial action against staphylococci. 
Regarding other organisms the evidence is less conclusive. There is 
some agreement that gram-negative bacilli are not affected. Macroscopic 
lysis by tears of various organisms in addition to air saprophytes has 
been observed by a number of workers. Fleming * found that 16 of 22 
strains of fecal streptococci were readily lysed by tears. He also found 
that some strains of staphylococci, hemolytic streptococci and abortion 
bacilli were dissolved to some extent. Plague and influenza bacilli were 
not affected. Cavca and Prica ** reported that a strain of Staphylococcus 
aureus was not visibly lysed by human tears. Thompson and Gallardo 1° 
found that 4 of 8 strains of Staph. aureus and 12 of 13 strains of Staph. 
albus showed some degree of lysis with human tears diluted from ten 
to one hundred and sixty times. Strains of xerosis bacilli isolated from 
human eyes were reported by Salvatore and Rindello '* to be dissolved 
in human tears diluted fifty times. 


Other methods of testing have been used to a limited extent. Fleming 3%8 
found that the staphylococci grown in Wright slide cells with serum or ascitic 





102. Marthen: Beitr. z. Augenh. 12:1, 1893. 

103. Ahlstrém, G.: Zentralbl. f. Augenh. 19:193, 1895. 

104. Helleberg: Mitt. a. d. Augenklin. d. carolin. med.-chir. Inst. zu Stockholm 
3:41 and 539, 1901. 

105. Lindahl, C.: Mitt. a. d. Augenklin. d. carolin. med.-chir. Inst. zu Stockholm 
9:11 and 57, 1908. 

106. Meissner, W.: Ztschr. f. Hyg. u. Infektionskr. 72:213, 1912. 

107. Thompson, R., and Gallardo, E.: Unpublished data. 

108. Salvatore and Rindello: Boll. d’ocul. 15:1214, 1936. 
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fluid were definitely inhibited by the addition of tears. Thompson and Gallardo, 
using the drop on pour plate method, found that undiluted tears produced no 
zones of inhibition with staphylococci, hemolytic streptococci, colon bacilli, dj 
theria bacilli, acidophilous bacilli, enterococci or Friedlander’s bacilli, although 
micrococci and sarcinas showed wide zones of inhibition with this method. The 
failure to show inhibition of staphylococci by this method may be due to dilution 
by the agar, since the inhibiting action in broth is shown only with relatively 
concentrated preparations. 

Little work has been done on the action of tears against viruses. Jungblut % 
incubated poliomyelitic monkey cord emulsions with equal parts of undiluted tears 
and obtained neutralization of the virus. Tears diluted 1:5 were inactive. Burnet, 
Lush and Jackson %* could not find any neutralization of influenza virus by human 
tears. 


There is little evidence as to the nature of the antibacterial agents 
in tears. Most workers since Fleming’s studies on lysozyme have 
assumed that any antibacterial action of tears was due to the lysozyme. 
Helleberg *°* and also Ridley ** found that the activity of tears was 
destroyed by boiling, but the hydrogen ion concentration was not con- 
trolled by either worker. While some workers have reported that tear 
lysozyme resists boiling for some minutes, it is probable that most of 
it would be destroyed by boiling at the normal py of tears. Thompson 
and Gallardo *” boiled acidified tears five minutes and after neutralization 
compared the inhibiting action of this preparation against orange and 
white staphylococci with the action of fresh unboiled tears. The 
unchanged tears inhibited both types of staphylococci, while the boiled 
tears, in spite of their retention of the original lysozyme titers, had lost 
all activity against the staphylococci. 


Egg White——Laschtschenko,’ in 1909, referred to previous reports 
noting the relative infrequency of bacterial contamination of eggs, 
although the shells were known to be permeable to bacteria. He was 
apparently the first to investigate the possible antibacterial activity of 
egg white, as an explanation of this infrequency of infection, and 
showed that cultures of anthrax bacilli as well as saprophytic aerobic 
spore formers inoculated into dilutions of fresh egg white were 
killed off and showed microscopic evidence of lysis. Since then a 
number of workers (Rettger and Sperry;*®? Gay and Beckwith;™ 
Fleming and Allison;* Sandow;** Rosenthal and Lieberman;™ 
Wolff ; +2 Melnik and Jourbine ***) have confirmed that egg white 


109. Rettger, L. F., and Sperry, J. R.: J. M. Research 26:55, 1912. 

110. Gay, F. P., and Beckwith, T. D.: Am. J. Hyg. 2:467, 1922. 

111. Rosenthal, L., and Lieberman, H.: J. Infect. Dis. 48:226, 1931. 

112. Wolff, L. K.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 54:188, 1927. 

113. (a) Melnik, M. L., and Jourbine, V. I.: Bull. Ukrainian Metchnikoff Inst. 
2:69, 1936. (b) Melnik, M. I.; Netchajevsky, M. P., and Starobinetz, G. M.: 
ibid. 2:73, 1936. (c) Melnik, M. I.; Jourbine, V. I., and Kolisnikoff, L.: ibid. 
2:77, 1936. 
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has an antibacterial action against a number of organisms. Most of the 
rts showed bactericidal or inhibiting effects, but Fleming and 
Allison, Melnik and collaborators *** and Thompson and Khorazo ™ 
demonstrated actual lysis of some organisms. Various organisms, 
including gram-positive and gram-negative bacilli and gram-positive 
and gram-negative cocci, have been shown to be affected. Sandow " 
indicated that gram-negative organisms were much less susceptible than 
gram-positive ones. 

Rettger and Sperry '”’ found that a virulent strain of Salmonella 
was not affected by egg white, while a nonvirulent strain of the same 
species was killed. Thompson and Khorazo,'* working with staphy- 
lococci, showed a negative correlation between susceptibility to lysis by 
egg white and ability to ferment mannite and to produce coagulase, 
properties generally recognized as being correlated with pathogenicity. 
Thompson and Gallardo '*’ also found that orange, coagulase-producing 
strains were not inhibited by 50 per cent dilutions of egg white, while 
white, noncoagulating strains were inhibited by higher dilutions. Melnik 
and Jourbine '*** also found pathogenic staphylococci to be less sus- 
ceptible than nonpathogenic ones. Scheidegger '** reported that a num- 
ber of viruses were not affected by incubation with equal parts of egg 
white for several hours. The viruses tested were: vaccinia, herpes, 
rabies, equine encephalomyelitis, influenza and fowl plague. I ** also 
found that vaccinia virus was not affected by egg white. 

It has been the general experience that the antibacterial activity of 
egg white against most organisms does not survive very much dilution. 
Gay and Beckwith '® found that while 50 per cent egg white killed 
typhoid bacilli and streptococci, these organisms grew in 25 per cent 
egg white. Rettger and Sperry '** used undiluted egg white in their 
experiments. Sandow'® obtained inhibition of hemolytic streptococci 
and typhoid bacilli with dilutions of 1:8 but killing only with 50 per 
cent concentrations of egg white. Fleming and Allison® reported that 
some staphylococci, colon bacilli and enterococci were inhibited by egg 
white dilutions as high as 1:64 but typhoid and cholera organisms only 
by concentrations of 1:4 to 1:8. Sandow ** found, and I *? have con- 
firmed, that the antibacterial action of egg white is masked if too large 
inoculums are used. 

It is difficult to estimate from the literature the extent to which 
lysozyme may be concerned in the antibacterial activities of egg white. 
Laschtschenko ' found that the antibacterial activity was destroyed by 


114. Thompson, R., and Khorazo, D.: Proc. Soc. Exper. Biol. & Med. 33:299, 
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115. Scheidegger, E.: Arch. f. d. ges. Virusforsch. 1:394, 1940. 
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maintenance at 50C. for thirty minutes, and Rettger and Sperry, 
by maintenance at 65 C. for fifteen minutes. In both cases the lysozyme 
was destroyed at this temperature, since the action on the air saprophytes 
also ceased. Sandow showed also that at py 8.4 the lysozyme in 
whole egg white was destroyed by heating at 65 C. for fifteen minutes, 
The latter author indicated the possibility that an agent in addition to 
lysozyme was concerned by showing that the antibacterial power of 
egg white against hemolytic streptococci was greatest at py 9.2, while 
at py values from 7.6 to 6 these organisms grew well, even in undi- 
luted egg white. The antisarcina (lysozyme) activity on the other hand 
was greatest at py 6. These differences in the optimum hydrogen jon 
concentration cannot be explained by differences in the solubility of 
cellular contents, since inhibition of growth and not lysis was the 
criterion of action. 

On the other hand, Wolff ''* found that partially purified lysozyme 
from egg white was active against staphylococci, hemolytic streptococci, 
anthrax bacilli, meningococci, gonococci and tubercle bacilli. He 
obtained inhibition or killing only with concentrations of lysozyme 
approaching or greater than that of whole egg white. His methods 
of purification, however, were not such as to insure that only lysozyme 
was present. Further work is necessary with lysozyme preparations 
obtained in such a way as to insure that they contain only basic pro- 
tein substances, such as lysozyme is known to be, before final conclu- 
sions can be made as to the action of egg white lysozyme on organisms 
other than the sensitive air saprophytes. 

Nasal Secretions—Bearing in mind the accepted air-filtering func- 
tion of the nasal mucous membranes, the earlier workers assumed that 
these membranes were teeming with bacteria, and it was apparently 
difficult for them to accept the relative scarcity of organisms as deter- 
mined by careful cultural methods (Thomson and Hewlett ;"'* Park and 
Wright ***). The existence of some active mechanism which caused 
rapid disappearance of various organisms placed on the membranes 
was demonstrated by a number of workers. Most recently Arnold, 
Meredith and Singer ** sprayed cultures of Bacillus prodigiosus and 
Bacillus coli into human noses and found, by repeated cultures, that 
the organisms rapidly disappeared from the membranes; 95 per cent 
disappeared within five minutes. Mechanical removal by secretions and 
by ciliary action, destruction by epithelial cells or by wandering phago- 


116. Thomson, St. C., and Hewlett: Med.-Chir. Tr., London 78:239, 1895; 
Brit. M. J. 1:1204, 1895. 

117. Park, W. H., and Wright, J., abstracted, J. Laryng. 13:247, 1898. 

118. Arnold, L.; Meredith, L., and Singer, C.: Proc. Soc. Exper. Biol. & 
Med. 25:624, 1928. 
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cytes, and antibacterial properties of the secretions have been advanced 
as responsible for the disappearance of bacteria from the membranes. 
One is concerned here only with the possible antibacterial action of the 
secretions. 

Such an action was first postulated by Zaufal,’’® although Wurtz 
and Lermoyez **® were the first to present experimental support for 
the postulation. They inoculated anthrax bacilli into mucus, obtained 
by nasal tampons, and found that these organisms were killed within 
three hours. Staphylococci, streptococci and colon bacilli were affected 
to a lesser degree. By the same method, generally similar results were 
obtained by Piaget,’ Park and Wright,’** Schousboe '*® and Térne.'*° 
Apparently only Schousboe '’* adequately controlled his work by show- 
ing that the same mucus heated to 70 C. did not injure the organisms 
but supported their growth. Fleming *** found that nasal secretions 
produced visible lysis of some strains of staphylococci and streptococci 
in addition to the lysozyme-sensitive micrococci. Ignatius '** inoculated 
B. subtilis, anthrax bacilli and diphtheria bacilli onto agar plates con- 
taining 50 per cent mucus nasal secretions and onto other plates con- 
taining the same proportion of heated mucus. The organisms grew on 
the latter but not on the plates containing unheated mucus. Sum- 
marizing the findings of all these workers, one finds general agreement 
that B. subtilis, anthrax bacilli and diphtheria bacilli were inhibited or 
killed by nasal mucus and almost equal unanimity that gram-negative 
bacilli were not affected. The majority found streptococci and staphy- 
lococci to be inhibited. Schousboe ™* reported that white staphylococci 
were affected but that orange forms were resistant. Ignatius '** stressed 
the importance of using a suitable inoculum, finding it impossible to 
demonstrate any effect if too many organisms were used. 

Klemperer,!19 Thomson and Hewlett,126 Violet,122 Marx,!23 Arnold, Meredith 
and Singer ‘*® and Francis 8? could find no evidence of antibacterial activity in 
nasal secretions. Klemperer merely inoculated bacteria isolated from a nose into 
mucus from the same nose. Thomson and Hewlett and also Arnold and co-workers 
used Gram-negative bacilli admitted by all workers to be unaffected. Violet 
utilized secretions from atrophic membranes, not from normal noses. Marx could 
find no action against orange staphylococci, in agreement with previously mentioned 
authors who did find positive action against other organisms. Francis reported 
negative results with streptococci, staphylococci and gram-negative cocci but gave 
no details as to the methods he used. 

The preponderant evidence favors the view that nasal mucous secre- 
tions from healthy noses can be shown in vitro to have an antibacterial 


119. Cited by Marx.122 

120. Térne, cited by Hasslauer, S.: Zentralbl. f. Bakt. (Abt. 2) 37:97, 1906. 
121. Ignatius, A.: Ztschr. f. Hyg. u. Infektionskr. 118:445, 1936. 

122. Violet, P.: Compt. rend. Soc. de biol. 5:1996, 1899. 

123. Marx, H.: Ztschr. f. Ohrenh. 72:37, 1914. 
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action against some organisms which are not usually regarded as sensi- 
tive to lysozyme. There is no direct evidence in the literature as to 
the nature of the agent or agents concerned. Ignatius '*' showed that 
bacteria from the nose had no action on the organisms used by him, 
Mucus heated to 54 to 55C., temperatures at which the bacteria were 
"9 Torne*”*), Flem- 
ing *** assumed, without evidence, that the lytic actions which he found 
were due to the lysozyme. The destruction of the activity at 70 to 80C. 
't® Ignatius '*') is not incompatible with the agent’s being 
lysozyme, since the py of nasal mucus is usually definitely alkaline, 


largely destroyed, was still active (Schousboe ; 


( Schousboe ; 


Ignatius, however, found that the agent in mucus active against the 
diphtheria bacillus would not diffuse through agar as readily as lysozyme. 
He assumed that he was dealing with an agent similar to the inhibin 
of saliva. 

Daly '** precipitated nasal mucus with acetone, extracted the dried 
precipitate with acid saline solution, filtered the extract through a 
Berkefeld V filter and neutralized the filtrate to litmus. The filtrate was 
very active against M. lysodeikticus but did not, in broth, inhibit the 
growth of a strain of orange staphylococci, a strain of hemolytic strep- 
tococci and a strain of pneumococci. It did, however, cause all three 
strains to grow in granular sediments rather than diffusely as in the 
control tubes, and it also destroyed the virulence for mice of a strain of 
type III pneumococci but did not affect the same strain after the viru- 
lence had been increased by mouse passage. 

It seems likely that, as with saliva, the action of nasal mucus against 
some organisms will be shown to be due to an agent distinct from 
lysozyme, but much more intensive work is necessary to determine what 
organisms are affected by mucus and the nature of the agent or agents 
active against each organism. 

The respiratory route of many virus infections has led to an interest 
in the possible action of nasal secretions on viruses. Amoss and Tay- 
lor,’*® in 1917, found that Berkefeld-filtered nasal washings neutralized 
the poliomyelitis virus when mixtures of virus cord emulsion and the 
washings were kept at 37 C. for twenty-four hours. The active agent 
was considerably diluted, since 50 cc. of water was used for washing 
out the nasal cavities. The washings from different persons varied, 
and those from the same person varied from time to time. Inflamma- 
tory conditions tended to lessen the activity. The activity did not 
depend on the mucin as such. The active agent was water soluble and 
resisted heating at 60 C. but was destroyed by heating at 70. C. (times 
unspecified). When the washings were reduced in volume from 50 to 
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4 cc. by evaporation in vacuo, the agent was concentrated. Howitt '*° 
confirmed the ability of such washings to neutralize poliomyelitis virus 
and found that the agent could also be concentrated by drying in vacuo 
in the frozen state. She could find no relationship between the agent 
in nasal secretion and the antibodies in serum; there was somewhat 
more activity in the nasal secretions of persons who had not had polio- 
myelitis than in those of persons who had. Immunization of monkeys 
did not induce any antiviral activity in their nasal secretions. 


Burnet and co-workers * found that the viruses of influenza (all 
types), louping ill and herpes and virus B were neutralized by nasal 


confirmed the neu- 


42 


secretions obtained on nasal tampons. Francis ‘ 
tralizing action of nasal secretion on influenza virus, finding that 26 
of 48 specimens tested had a marked neutralizing action and that only 
11 of the 48 had no action on the virus. Burnet and co-workers ** 
reported that the antiviral activity survived heating at 50 C. for thirty 
*. found that heating 
at 70 to 75 C. for twenty minutes destroyed the active factor. Accord- 
the secretions inactivated only those 


minutes but was destroyed by boiling. Francis 
ing to Burnet and co-workers,** 
viruses which are inactivated by sodium desoxycholate and did not 
affect the viruses of vaccinia, fowlpox, rabbit myxomatosis, ectromelia, 
infectious laryngotracheitis of fowls, pseudorabies or psittacosis. The 
active agent is not trypsin, since this enzyme inactivates pseudorabies 
but not influenza virus. Francis ** found some degree of parallelism 
with the serum antibody, but Burnet and associates ** stressed the fact 
that the inactivation by the nasal agent is progressive and _ relatively 
slow, while that by serum antibody is immediate. Both authors pre- 
sented evidence that lysozyme is not concerned. Francis ** showed that 
the activity is not parallel to lysozyme activity. Burnet showed that 
egg white, human tears and cat saliva, all of high lysozyme potency, had 
no action on the influenza viruses. He did not determine, however, 
whether or not the antiviral activity of a nasal secretion could be 
destroyed without changing the lysozyme action. Burnet suggested the 
possibility that the antiviral agent of the mucous membranes is one 
of several human substances which can lyse M. lysodeikticus “and can 
therefore be called lysozyme.” 

Serum.—The literature on the antibacterial properties of serum is 
too familiar and too extensive to warrant any attempt at even a brief 
review here. One can be concerned only with the possible relationship 
of the various factors involved to lysozyme. The alpha lysin, sensitizer- 
alexin complex does not seriously come into consideration. The sensi- 
tizer component differs from lysozyme in its specificity and in its increase 
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on immunization with the susceptible organisms. Lysozyme does not 
require alexin to complete its lytic action. Even at the py of serum, 
lysozyme is always more resistant to heat than is alexin. It cannot take 
the place of alexin or of its component parts. Specifically sensitized 
sheep cells were not hemolyzed by active egg white lysozyme prepara- 
tions, nor did these preparations replace either the third or the fourth 
component of alexin (Thompson **). 

The heat-stable bactericidins, or beta lysins,'** have often been com- 
pared to lysozyme and require more extensive consideration. It js 
first necessary to emphasize the probable multiplicity of these agents 
and the disputes as to the nature of the factors generally included under 
this heading. Mackie and Finkelstein '** found evidence that the heat- 
stable bactericidins were not homogeneous, since those from different 
animal species affected different groups of bacteria to varying degrees. 
Fischer '*° also found that the colon bacillus, classified by Pettersson 
and others as sensitive to the alpha lysins but insensitive to the beta 
lysins, acted in this manner in rabbit serum but in human serum behaved 
as an organism sensitive to beta lysins. Mackie and Finkelstein could 
find only gram-positive organisms to be affected. There is similar dis- 
agreement as to the constitution of the beta lysins. Pettersson '* and 
others have expressed the belief that they are made up of an activatable 
component and a more labile activating component, but Mackie and 
Finkelstein '** and others could not support this view. 

It is in general true that lysozyme-sensitive organisms are particu- 
larly susceptible to the heat-stable serum components. M. lysodeik- 
ticus, sarcinas and strains of B. subtilis are affected by most serums 
( Mackie and Finkelstein).?*° It is not certain whether or not avirulent 
anthrax strains, the type organisms used for indicating beta lysin activ- 
ity, are to be classified as lysozyme sensitive or not. The frequency with 
which anthrax bacilli are reported as killed by the various lysozyme- 
containing secretions suggests that many strains may approach the 
saprophytes in sensitivity to lysozyme. Other organisms, including 
pneumococci, streptococci and staphylococci, are affected more by serum 
than by equivalent concentrations of egg white lysozyme. This suggests 
either that the serum factor concerned is not lysozyme or that serum 
lysozyme differs from egg white lysozyme. 

There is general agreement that the serum bactericidins in the natural 
state resist 55 to 58C. but that inactivation begins about 60°C. Only 

127. For complete bibliography see Pettersson, A.: Die Serum B-Lysine und 
die antibakterielle _ Immunitat gegen die davon beinflussten Mikroben, Jena, Gustav 
Fischer, 1934. 

128. Mackie, T. J., and Finkelstein, M. H.: J. Hyg. 32:1, 1932. 

129, Fischer, G.: Acta path. et microbiol. Scandinav. 13:191, 1936. 
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Mackie and Finkelstein *** studied the effect of the hydrogen ion con- 
centration on this inactivation. They found that at py 8.5 inactivation 
took place at 50C. in five minutes. Changing the py from 7.7 to 6.7 
made no apparent difference in the resistance to heat. Unfortunately, 
they did not try more acid reactions. The increasing sensitivity from 
pu 77 to 8.5 suggests a similarity to lysozyme. The lack of an increase 
in stability from pu 7.7 to 6.7 does not suggest a similarity, but tests 
of the resistance to heat at Py 4 to 5 would have been more informative. 
These authors did consider the possible relationship of the stable serut 
bactericidins to lysozyme. The anti-M. lysodeikticus factor of serum 
was less resistant to heat than that of tears and became more labile 
on dilution with saline solution, while the lability of the tear factor did 
not change with dilution. From this they concluded that lysis of the 
micrococcus by serum is due to a bactericidin which also acts on other 
gram-positive bacteria and which differs from lysozyme. It would be 
necessary to determine the resistance of the serum anti—M. lysodeikticus 
factor in buffered solutions of py values from 4 to 5 before one could 
conclude that this factor differed from lysozyme in respect to its heat 
stability. According to Piettre and Vila,'*® the beta lysins are precipi- 
tated but not harmed by acetone. In this respect they do resemble 
lysozyme. Gratia and Goreczky **' reported that the anthracidal agent 
in serum had in the ultracentrifuge a sedimentation rate different from 
the agent active against Bacillus megatherium (lysozyme), indicating 
that the latter was of lower molecular weight. 

In spite of the very large amount of work done on the beta lysins, 
it is not possible at present to come to any justifiable conclusions as to 
the relationship of these lysins to lysozyme. If, contrary to Mackie 
and Finkelstein, the anti-M. lysodeikticus factor of serum should prove 
to be lysozyme, there still remains the question as to whether the action 
against other organisms, generally nonsensitive to lysozyme, are also 
due to this enzyme. 

Leukocytes——It is generally accepted that antibacterial substances 
may be obtained from the polymorphonuclear leukocytes of a number 
of animal species. These substances have been obtained free from the 
cells by extraction with saline solution, broth or serum or by repeated 
freezing and thawing. The organisms affected vary somewhat with 
the species of origin of the cells. Typhoid bacilli, staphylococci and 
anthrax bacilli, as well as the lysozyme-sensitive saprophytes, have been 
found by most workers to be affected. Various proteus and cholera 
strains were reported as susceptible by a smaller number of authors, 





130. Piettre, M., and Vila, A.: Compt. rend. Acad. d. sc. 170:1466, 1920. 


131. Gratia, A., and Goreczky, L.: Ztschr. f. Immunititsforsch. u. exper. 


Therap. 98:18, 1938. 


Ee te 


a6 


nari 





































po os 


tare te WT Ba CTR 

















OF 





ARCHIVES PATHOLOGY 





1126 


pneumococci by Schneider '** and Pettersson '** and hemolytic strepto- 
cocci by Pettersson.'** Capsulated strains of Micrococcus tetragenys 
were found by Lanner and Schonslieber '** to be less susceptible to the 
leukocyte extracts than were noncapsulated strains of the same species, 

The antibacterial agents in the leukocyte extracts as ordinarily pre- 
pared are able to withstand temperatures of 75 to 80 C. for considerable 
periods. Kling '** found that the anthracidal agent dried in serym 
survived 100C. for one-half hour. Of special interest in connection 
with this review is the report of Gengou '“* that the anti-typhoid bacillys 
activity of leukocyte extracts survived heating at 100 C. for fifteen min- 
utes in acidified mediums but was destroyed at 80 C. in alkaline mixtures, 
Kling and also Manwaring '** reported that the active agents in leuko- 
cyte extracts did not pass, respectively, Pukkal and Berkefeld filters, 
but neither controlled the hydrogen ion concentrations. Absolute alcohol 
and also ether precipitated but did not harm the antibacterial agents 
Manwaring; *** Schneider ;**® Kling ***). Thompson 
extracted acetone precipitates of leukocytic exudates 


38 


( Pettersson ; ' 
and Gallardo '* 
with acidified saline solution and obtained preparations active against 
pathogenic and nonpathogenic staphylococci. Gengou '** also found 
that active agents were readily extracted from fresh leukocytes with 
acid solutions. 

In their behavior in acetone, alcohol and ether and in their solubility 
and resistance in acid preparations these agents from leukocytes resem- 
ble lysozyme. However, they affect typhoid bacilli, staphylococci and 
other pathogens to a much greater extent than do more concentrated 
(as measured against susceptible saprophytes) lysozyme preparations 
from other sources. Either the lysozyme from leukocytes differs from 
the lysozyme from other sources, in being able to attack additional 
substrates in pathogenic bacteria, or different enzymes, resembling 
lysozyme in the aforementioned properties but attacking different sub- 
strates, are present in leukocytes in addition to lysozyme. In view of 
the evidence, reviewed in foregoing paragraphs, that the lysozyme of 
leukocytes has an action on the purified substrate from micrococci simi- 
lar to that of lysozyme from other sources the latter alternative seems 


more probable. 





32. Schneider, R.: Arch. f. Hyg. u. Infektionskr. 75:167, 1912. 
133. Pettersson, A.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 26:305, 
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134. Lanner, E., and Schonslieber, G.: Arch. f. Hyg. 91:349, 1922. 

135. Kling, C. A.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 7:1, 1910. 
136. Gengou: Ann. Inst. Pasteur 35:497, 1921. 

137. Manwaring, W. H.: J. Exper. Med. 16:249, 1912. 

138. Pettersson, A.: Centralbl. f. Bakt. (Abt. 1) 46:405, 1908. 

139. Schneider, R.: Arch. f. Hyg. 70:40, 1909. 
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Milk—The history of ideas about the antibacterial properties of 
milk parallels closely that of ideas about the like properties of several 
of the secretions previously discussed. Some workers noted that milk 
obtained under clean conditions remained relatively free from bacteria 
for considerable periods. There was then considerable disagreement as 
to whether or not this was due to antibacterial properties possessed by 
the milk. References to this earlier work may be found in the paper 
of Rosenau and McCoy **® and in the more recent reports of Cham- 
bers #2 and of Jones.*** Some explained the slow growth in milk as 
due to lack of adaptation to this medium, but more recently certain 
authors (Chambers,*** Jones **? and others) have shown that the 
inhibited organisms grow readily in heated milk. It is now generally 
agreed that unchanged fresh milk of many animal species does inhibit 
the growth of many organisms which are not generally regarded as 
lysozyme susceptible (Jones; **? Schlaeppi; *** Hannsen;*** Chamb- 
ers 181), With the exception noted later, the studies have been made by 
inoculation of bacteria directly into the undiluted milk and by control 
inoculation into the same milk after boiling. The great majority of tests 
have been done with the gram-negative colon-typhoid-dysentery and 
cholera organisms. Most authors have found these to be inhibited slightly 
by milk. A few have reported inhibition of gram-positive organisms : 
the anthrax bacillus and Staph. aureus (Rosenau and McCoy *°), the 
hemolytic streptococcus (Jones ***) and Staph. aureus (Schlaeppi '**). 
Dold, Wizemann and Kleinen?** tested both human and cow’s milk 
by the agar plate method which they had used for the demonstration 
of the action of saliva against diphtheria bacilli and other organisms. 
They found that many gram-positive and gram-negative pathogenic and 
saprophytic organisms were inhibited on agar coritaining 50 per cent 
fresh milk but grew on control plates containing heated milk. 

There has been found to be considerable variation in the antibac- 
terial powers of milk from different animals within the same species 
(Chambers **?). Even milk from different quarters of the same udder 
may vary considerably (Jones ***). After delivery the milk gradually 
increases in antibacterial activity up to a maximum a few days later 
(Jones ***). Hannsen *** found that cow’s milk had much more anti- 





140. Rosenau, M. J., and McCoy, G. W.: The Germicidal Property of Milk, 
Hygienic Laboratory Bulletin 41, United States Treasury Department, Public 
Health Service, 1908, p. 457. 

141. Chambers, W. H.: J. Bact. 5:527, 1920. 

142. Jones, F. S.: J. Exper. Med. 47:877, 1928. 

143. Schlaeppi, F., cited by Blatt and Kessler.* 

144. Hannsen, F. S.: Brit. J. Exper. Path. 5:271, 1924. 

145. Dold, H.; Wizemann, E., and Kleinen, C.: Ztschr. f. Hyg. u. Infektionskr. 
119:525, 1937. 
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bacterial activity when the animals were maintained on a green diet 
than when they were confined to the winter diet. 

Milk may be centrifuged without loss of antibacterial power. After 
milk has been curdled by rennin, the active agent is present in toto jn 
the whey (Jones***). While there has been disagreement as to the 
exact temperature and time necessary to destroy the inhibiting power 
of milk, there is quite general agreement that it may be heated at 60 
to 70 C. for twenty to thirty minutes. According to Jones,’ the anti- 
bacterial activity was sometimes demonstrated in dried, powdered milk. 
The same author found that in whey the agent could be filtered through 
a Berkefeld V filter but was completely held back by a W filter, 
Schlaeppi *** reported that the antibacterial agent in human milk passed 
through a silica filter. One to two volumes of 95 per cent alcohol 
destroyed the inhibiting action of cow’s milk (Jones ***). Jones and 
Simms **° made a study of the milk factor active against hemolytic 
streptococci. They found that it was stable for one and one-half 
hours at py values ranging from 3.25 to 10.25 but was injured by 
concentrations beyond this range. They apparently did not deter- 
mine the influence of temperature on the resistance to py changes. On 
dialysis the agent remained with the proteins, but it resisted tryptic 
digestion. Precipitation with alcohol or ammonium sulfate resulted in 
inactivation. These authors succeeded in concentrating the agent by 
dialysis and obtained a dried material which was two hundred times as 
active as the original milk. 

Some of the earlier authors suggested that the inhibiting action of milk was 
due to alexin from the blood. Jones 142 pointed out that if one may judge 
by the dilution of other serum factors in the milk, the alexin would be too diluted 
to show any activity. -The milk agent, as already pointed out, is also definitely 
more heat resistant than blood alexin. Jones142 could not reactivate heat- 
inactivated milk by adding to it small amounts of fresh milk. Some organisms are 
agglutinated by milk, and this may be responsible for an apparent diminution in 
numbers in some cases, but Chambers #1 and also Jones 142 showed that certain 
organisms which showed no evidence of agglutination were inhibited. Hannsen ‘4 
offered the suggestion that oxidizing enzymes in the milk were responsible for 
the antibacterial action. He showed that oxidase and the inhibiting agent were 
both destroyed at the same temperature and pointed out that fresh green foods 
are very rich in oxidases as a possible explanation for the influence of diet on the 
inhibiting power in milk. Dold and co-workers 145 attempted to classify the milk 
agent with his inhibin of saliva, but until this supposed entity is more clearly 
defined, little is to be gained by applying the name to other factors. The heat 
resistance of the milk agent is definitely greater than that of the anti-diphtheria 
bacillus agent of saliva. 


There is no direct evidence that lysozyme is concerned in the general 
antibacterial activity of milk. The heat stability resembles that of 


146. Jones, F. S., and Simms, H. S.: J. Exper. Med. 51:327, 1930. 
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lysozyme, but in the absence of tests with various controlled hydrogen 
ion concentrations this can be nothing more than suggestive. The 
stability of the agent of Jones and Simms “* with py values up to 10 
seems to indicate that this agent is not lysozyme, but these conditions 
were maintained for only one and one-half hours, and the temperature 
was not stated. The evidence that colostrum is less active than the 
later milk suggests that lysozyme is not concerned, since Bordet *° 
showed that the colostrum of cows, at least, contains greater concen- 
trations of lysozyme than does milk. The apparent destruction of the 
agent in milk by alcohol ( Jones ***) also suggests that the active substance 
is not lysozyme, but again further controlled tests with comparisons 
of lysozyme activity and other antibacterial activity are necessary. The 
association of the agent reported by Jones and Simms with the profeins 
on dialysis and its resistance to trypsin seem to be compatible with a 
lysozyme-like nature. On the available evidence it is impossible to 
make any estimate as to the extent to which lysozyme is concerned in the 
general antibacterial activity of milk. 


LYSOZYME AND BACTERIOPHAGE 


It early became obvious to Fleming and his co-workers that their 
lytic agent was not identical with bacteriophage. In 1922 Fleming and 
Allison ** pointed out a number of differences between the two agents. 
The action of lysozyme was much more rapid than that of phage and 
occurred through a much wider range of temperature. Lysozyme dis- 
solved cultures of all ages, while phage affected only young cultures. 
Lysozyme was not transmissible in series and did not form plaques in 
cultures on solid mediums; it diffused rapidly through agar, while 
phage was not diffusible. Baker and Nanavutty ‘*7 demonstrated that 
in rate of destruction by ultraviolet rays lysozyme resembled other 
enzymes such as trypsin, while bacteriophage differed widely from these. 
Suranyi ** indicated that lysozyme was not affected by gelatin, which 
inactivated phage. 

There are, however, a number of observations which suggest, rather 
vaguely it is true, that there may be a relationship between lysozyme 
and lysis by phage. As a result of the work of Gratia and Rhodes,™* 
Twort,’*® Wollman and Wollman **° and others, it is now accepted that 
in some cases, at least, there is released, as a result of phage action, a 





147. Baker, S. L., and Nanavutty, S. H.: Brit. J. Exper. Path. 10:45, 1929. 

148. Gratia, A., and Rhodes, B.: Compt. rend. Soc. de biol. 89:1171, 1923; 
90:640, 1924. 

149. Twort, F. W.: Lancet 2:642, 1925. 

150. Wollman, E., and Wollman, E. (Mme.) : Compt. rend. Soc. de biol. 110: 
636, 1932; 112:164, 1933. 
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lytic enzyme which is capable of dissolving heat-killed and phage. 
resistant living organisms of the same species as the lysed strain. 
D’Herelle,’*' Sertic '**? and Schuurman *** expressed the belief that this 
lytic enzyme is a secretion of a living bacteriophage, but the predominat- 
ing evidence (Wollman and Wollman,'** Bronfenbrenner and Mucken- 
fuss,’°* Pirie *°° and others) indicates that the enzyme originates jp 
the bacterial cells and may be obtained from them in the absence of 
phage. The known occurrence of lysozyme in some bacterial cells sug- 
gests that this lytic enzyme may be lysozyme. 

There is general agreement that the lytic enzymes released by phage 
action are specific for the species of organisms from which they are 
obtained. This would seem to differentiate them from lysozyme. Woll- 
man and Wollman,**® however, found that an enzyme from phage-lysed 
staphylococci would dissolve sarcinas. This lysis of an outstandingly 
lysozyme-sensitive organism suggests the possibility that the conclusions 
regarding specificity may have been based entirely on tests against 
organisms not susceptible to lysozyme. Bronfenbrenner and Mucken- 
fuss *** found that the enzyme which they obtained from staphylococci 
was destroyed by heating at 50 C. for thirty minutes and was less dif- 
fusible than the phage, being held back by cellophane, which allowed 
the latter to pass. The heat lability suggests that the enzyme was not 
lysozyme, but repetition with controlled py values would be desirable. 
These authors did find that the enzyme passed Berkefeld V candles 
when large volumes were filtered and was not injured by chloroform or 
acetone. From colon bacilli Pirie *** obtained an enzyme which did not 
lyse the cells but which evidently acted on a carbohydrate, since it 
removed the specifically precipitable carbohydrate from the killed cells. 
She found also that the carbohydrate was removed during lysis by 
phage and that during the process there was an increase in reducing 
sugars similar to that brought about by the action of lysozyme on sus- 
ceptible bacteria. Pirie *** also found that egg white lysozyme released 
a specific phage from its union with heat-killed cultures of B. mega- 
therium. This release occurred during the same interval of time as 
hydrolysis of the bacterial polysaccharide by the lysozyme. Heat-killed 
bacilli incubated with lysozyme could no longer adsorb phage. 

Not directly related to the lytic enzyme of phage but indicating a 
possible relationship between lysozyme and phage are the papers of 
151. d’Herelle, F.: The Bacteriophage and Its Behavior, translated by G. H. 
Smith, Baltimore, Williams & Wilkins Company, 1926. 

Sertic, V.: Zentralbl. f. Bakt. (Abt. 1) 110:125, 1929. 

Schuurman, C. J.: Zentralbl. f. Bakt. (Abt. 1) 137:438, 1936. 

. Bronfenbrenner, J., and Muckenfuss, R. S.: J. Exper. Med. 45:887, 1927. 
Pirie, A.: Brit. J. Exper. Path. 20:99, 1939. 
Pirie, A.: Brit. J. Exper. Path. 21:125, 1940. 
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White ?** and of Kuttner.*°* White *** found that very feeble cholera 
hages, which showed scarcely any lytic power and which on transfer 
gradually died out, could be made to produce marked visible lysis and 
could be kept going indefinitely in series transfers by the addition of 
solutions of egg white to the phage-bacteria mixtures. He attributed 
this activation to the lysozyme of the egg white but did not show that 
pure lysozyme or other lysozyme-containing agents had the same action. 
Kuttner,’®* in 1921, had no knowledge of lysozyme but found that vari- 
ous tissue extracts which are now known to contain lysozyme apparently 
instigated the production of phage in typhoid cultures. 


LYSOZYME AND RESISTANCE TO DISEASE 

Extensive speculations as to the functions of lysozyme and especially 
as to the part played by it in resistance to disease should certainly await 
more work on the actions of pure lysozymes from various sources and 
on the distribution of the carbohydrate substrate. It seems obvious, 
however, that an enzyme found in such a wide range of living organisms, 
from the bacteria to the highest mammals, must have fundamental 
metabolic importance, and it is curious that it has been so long neglected 
by the physiologists. It seems equally obvious that a bacterium which 
is dissolved by solutions containing this enzyme in minute concentra- 
tions cannot become parasitic on membranes which are bathed in secre- 
tions containing the enzyme. A first step in the evolution from sus- 
ceptible saprophyte to parasite would certainly require the development 
of a mechanism of resistance to this enzyme, whether or not this were 
the only requirement for such a step. 

A number of workers have attempted to show that lysozyme is of 
importance in resistance to disease, and it may be of value to mention 
their findings. Fleming and Allison ** showed that lysozyme-resistant 
strains, obtained by them from originally susceptible organisms, were 
not susceptible to intracellular digestion in leukocytes. They could not 
show, however, that the resistant organisms had become pathogenic. 
Ridley ** found that staphylococci which resisted the antibacterial actions 
of tears and of egg white had become virulent for the rabbit’s eye. 
He did not, however, show in either case that the acquired resistance 
was to the action of lysozyme. Through all the work on the antibacterial 
actions of the various lysozyme-containing materials there occur frequent 
suggestions of a relationship between pathogenicity and resistance to the 
agent in question. In a number of instances it was noted in this review 
that the orange pathogenic type staphylococci were more resistant to 
several agents than the nonpathogenic white strains. Lanner and 





157. White, P. B.: J. Path. & Bact. 44:276, 1937. 
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Schonslieber *** found that capsulated strains of M. tetragenus were 
more resistant to leukocyte extracts than the noncapsulated. Mackie 
and Finkelstein ‘** reported that attenuated anthrax strains and avirulent 
pneumococcic strains resisted the heat-stable bactericidal action of serum 
less than did the virulent organisms of the same species. Rettger and 
Sperry *°° found likewise for egg white that avirulent Salmonella strains 
were susceptible, while virulent strains were resistant. It must be 
emphasized that in none of these cases was it shown that resistance to 
lysozyme was concerned. 

Possible Relationship of Milk Lysozyme to Resistance of Nurslings 
to Diarrheal Diseases.—It has already been noted that human breast milk 
contains lysozyme in considerably higher concentrations than does com- 
mercial cows’ milk. A number of workers have attempted to attribute 
to this difference the accepted superiority of breast feeding in preventing 
diarrheas. . Rosenthal and Lieberman *"* showed, and others ( Prickett 
and co-workers,*? Sadakata‘** and Melnik and associates ''*) have 
confirmed, that lysozyme is present in the stools of breast-fed, but not 
in the stools of artificially fed, infants. The first-mentioned authors 
showed also that fresh human milk, as well as egg white, added to in 
vitro mixtures of colon and acidophilus bacilli tended to allow the 
survival of the aciduric organisms at the expense of the colon bacilli, 
Cow’s milk and boiled human milk, lacking lysozyme, did not have this 
action but allowed overgrowth of the gram-negative forms. Stools of 
breast-fed infants possessed the same selective action as egg white, while 
stools of artificially fed infants did not. Melnik and his co-workers 
confirmed the selective action of egg white. Both groups of authors 
attributed the predominance of acidophilic flora in the stools of breast-fed 
infants to the action of lysozyme. Prickett, Miller and McDonald 
presented evidence to indicate that the predominance of gram-positive 
or of gram-negative flora in the feces of nurslings of different animal 
species was correlated with the presence or absence of lysozyme in the 
mothers’ milk. Melnik and co-workers **** showed that lysozyme was 
lacking in the feces of nurslings suffering from gastrointestinal dis- 
turbances much more frequently than in those of healthy nurslings. 

The sum total of evidence indicating a relationship between lysozyme 
and resistance of infants to intestinal infections is suggestive. How- 
ever, even though it is assumed (1) that breast feeding tends to protect 
against infection and (2) that this protection is related to the mainte- 
nance of a gram-positive flora, there is no conclusive proof that these 
possibilities are due to the lysozyme of the breast milk. The in vitro 
experiments with milk and egg white were done with fresh, unchanged 
materials, and the possibility remained that the results were produced 
by agents other than lysozyme. 
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Melnik and collaborators **® and other Russian workers have used egg white 
rations in the treatment of various infections of mucous membranes and of 
suppurating wounds. They reported that such treatments were beneficial, but the 
number of patients with any one condition treated was not large, and adequate 
controls were not stressed. Meinik and co-workers +5*> have also used egg white- 
treated cultures of enteric organisms as antigens for prophylactic vaccination and 
have apparently found them superior to vaccines prepared by other methods. The 
Russians have also found practical use for egg white preparations in the conserva- 
tion of caviar and other food substances. 


SUMMARY 


What agents can justifiably be included under the term “lysozyme”? 
There can be no question but that on a historical basis the agent in egg 
white which dissolves many air micrococci should be called lysozyme. 
This agent is a basic protein or polypeptide of small molecular size which 
is soluble and is very heat resistant in acid but insoluble and labile in 
alkaline solution. It has a specific action on the sugar linkages of 
certain complex amino carbohydrates. This action is accompanied by 
the release of N-acetyl hexoseamine and other reducing substances. 
Other agents lytic for air micrococci are found in extremely diverse 
biologic sources, being present in bacteria, vegetables and in practically 
all mammalian tissues and secretions. In the cases in which these agents 
have been studied they have been indicated to be similar in chemical 
nature to the egg white agent and to be equally stable with respect to 
the influence of hydrogen ion concentration and heat. Limited studies 
indicate that the agents from different sources also act in the same man- 
ner on the carbohydrate substrate obtained from the micrococci. Many 
saprophytes other than micrococci are attacked by the various lysozyme- 
containing materials. The actions of the materials against these 
organisms are apparently proportional to their lysozyme concentrations 
as measured against the micrococci. An amino carbohydrate substrate, 
which is hydrolyzed by lysozyme in the same manner as the substrate 
from micrococci, has been obtained from some of them. It is very 
probable that the lysozymes from various sources dissolve many sapro- 
phytes in addition to the micrococci and accomplish this solution by 
the same chemical action. 


Does lysozyme act on parasitic and pathogenic organisms? The 
evidence on this question is still inconclusive. Most of the materials 
which contain lysozyme have a definite, though slight, action against 
many parasites and pathogens. The actions of saliva and tears against 
some pathogens, however, have been definitely shown not to be due to 


159. (a) Melnik, M. I., and Pevsner, A.: Bull. Ukrainian Metchnikoff Inst. 
2:89, 1936. (b) Melnik, M. I., and Tscherviakoff: ibid. 2:137, 1936. (c) Melnik, 
M. I, and Zeitline, A. S.: ibid. 2:81, 1936. (d) Melnik, M. I., and Natanson, 
D. M.: ibid. 2:85, 1936. 
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lysozyme alone. It is possible, though there is no evidence for this, 
that lysozyme may be concerned in activating, or may be activated by, 
some other factor. Agents with properties similar to lysozyme which 
act on pathogenic organisms have been obtained from leukocytes, There 
is as yet no evidence to determine whether such agents are identical 
with the lysozyme from leukocytes or whether additional enzymes with 
similar properties but acting on different substrates are concerned. Since 
leukocyte preparations, in proportion to their lysozyme concentrations 
as measured against the susceptible saprophytes, have much greater 
action against pathogens than do egg white preparations, the assumption 
of multiple enzymes would seem to be more justifiable. The part of 
lysozyme in the various antibacterial actions of egg white, nasal secre- 
tions, serum and milk is not yet clear. 

The functions of lysozyme are not known but are probably not 
limited to defense against infection. Even the part played by lysozyme 
in the defense against infection is not clear. Lysozyme-sensitive sapro- 
phytes probably cannot become parasitic without developing a mecha- 
nism of resistance to the enzyme, but there is at present little information 
as to the degree of correlation of parasitism with lysozyme resistance, 
There is a little evidence suggesting that in some cases the development 
of a high degree of resistance to the enzyme is necessary for the develop- 
ment of pathogenicity and, conversely, that diminutions in lysozyme 
concentration allow parasites to become pathogenic. 














Notes and News 


Recent Deaths.—Phoebus Aaron Theodore Levene, member of the Rocke- 
feller Institute for Medical Research from 1907 to 1939, died on September 6, 
at the age of 71 years. 

Maude E. S. Abbott, assistant professor of medicine at McGill University, 


died on September 2, at the age of 71 years. 


Medals and Prizes.--The Alvarenga Prize of the College of Physicians of 
Philadelphia has been awarded to E. Goodpasture, professor of pathology in 
Vanderbilt University, “for his outstanding contributions to the knowledge of 
viruses.” 

The first Squibb award of $1,000 has been presented to George W. Corner, 
professor of anatomy at the University of Rochester, for his contributions to 
endocrinology. Dr. Corner was recently appointed director of the embryologic 
laboratory of the Carnegie Institution of Washington. 

The 1940 Trudeau Medal of the National Tuberculosis Association has been 
awarded to William Charles White, consulting pathologist in the United States 
Public Health Service, for his distinguished service in tuberculosis. 

Philip E. Smith, professor of anatomy in Columbia University, has been 
awarded the Charles Mickle Fellowship of the University of Toronto in recognition 
of his work on the pituitary gland. 


Society News.—The American College of Physicians will meet in Beston, 
April 21-25, 1941, with general headquarters at the Statler Hotel. 


Training in Forensic Medicine.—New York University College of Medicine 
makes available each year to a few physicians an opportunity to secure specialized 
training in iorensic medicine, according to an announcement. The training affords 
an opportunity to work with the medical examiners of New York and Essex 
County, N. J., and the chief toxicologist of New York. Those interested in 
learning more about the work may obtain the information from the office of the 
dean, 477 First Avenue, New York. 


The Oregon Crime Detection Laboratory.—In 1939 there was established 
by legislative act a crime detection laboratory under the Department of State 
Police, with the cooperation of the University of Oregon Medical School and the 
State Board of Higher Education. The director of the laboratory, appointed by 
the superintendent of state police, is a physician and a member of the faculty of 
the medical school. Operating expenses, personnel and equipment are furnished 
by the Department of State Police; quarters, light, heat and water are furnished 
by the medical school. The services of the laboratory are available without cost 
to any law-enforcement agency in the state of Oregon, other than traveling 
expenses when it is necessary to conduct examinations or to present testimony in 
the different counties of the state. No charge is made for expert testimony in court. 
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Abstracts from Current Literature 


To SAveE SPACE THE ORIGINAL TITLES OF ABSTRACTED ARTICLES SOMETIMES 
ArE SHORTENED 


Experimental Pathology and Pathologic Physiology 


ConstTiTuTION OF HypopHystat TRANSPLANTS. J. M. Worre, M. M. Kuirrz and 
L. Loes, Am. J. Cancer 38:239, 1940. 


Multiple transplants of the anterior lobes of the pituitaries of closely inbred 
strains of mice were found alive seven to ten months after transplantation. Each 
of the persisting transplants was surrounded by a fibrous capsule, from which 
strains of connective tissue grew into the graft. The surviving anterior lobe 
tissue was made up chiefly of chromophobes, but in a majority of the transplants 
a few eosinophils were also seen. Basophils were not observed. In some grafts 
persisitng intermediate lobe tissue was identified. Cell counts made in the anterior 
lobes of the pituitaries of the host mice showed that basophils were more abundant 
in the glands of ovariectomized mice than in glands of nonovariectomized animals, 
They were generally degranulated. Castration cells were not observed. There was 
no similarity between the cellular pattern in the transplants and that in the pitui- 


taries of the hosts. From AutTHors’ SUMMARY. 


EXPERIMENTAL INFECTIOUS ANGrITIS. M. C., WINTERNITz and P. M. LeCompte, 
Am. J. Path. 16:1, 1940. 

Various bacteria were introduced under aseptic technic into the adventitial 
tissue (more rarely on a thread into the lumen or into a doubly ligated stretch) 
of femoral, jugular and carotid vessels of goats. By varying the virulence of the 
organism and the duration of the experiment, lesions of both artery and vein were 
obtained, ranging from acute suppurative and proliferative reactions with throm- 
bosis to old, fibrous intimal plaques. A potential vascular pathway for passage 
of infection from vein to artery has been demonstrated in both goat and man by 


injection methods. From Autuors’ SuMMARY. 


RESTORATION OF Lost OrGAN Tissue. T. Appis and W. Lew, J. Exper. Med. 
71:325, 1940. 


When half of the total renal, adrenal, ovarian or testicular mass is removed, 
the rate of growth of the remaining half is independent of the rate of growth 
of the organ at the time of removal. The removal of half of the prostate or 
seminal vesicle tissue or the removal of one uterine horn is not followed by any 
appreciable growth of the part that remains. The rate of restoration of renal, 
ovarian, testicular and adrenal tissue after removal of half of these organs is at 
first very rapid but quickly decelerates, and at about forty days after the removal 
there is complete cessation of growth. In none of these organs is all the lost 
tissue restored. In the testicle the 50 per cent left increases to 56 per cent, and 
in the kidney, adrenal and ovary, to 70 per cent of the original amount before 


operation. From AutHuors’ SUMMARY. 


Tue Propuction oF AcuTeE APPENDICITIS (WITH RUPTURE) IN HIGHER APES 
BY LuMINAL OsstructTion. O. H. WANGENSTEEN and C. DENNIs, Surg., 
Gynec. & Obst. 70:799, 1940. 

Observations made on the vermiform appendix of man and the cecal appendage 
of the rabbit indicate that this segment of the intestinal canal secretes fluid. 
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Obstruction of the lumen in both man and the rabbit resulted in morphologic 
changes very similar to those of spontaneous appendicitis in man. These con- 
siderations prompted a study of the secretory capacity of the vermiform appendix 
of anthropoid apes, the only family, other than the human, possessing a true 
yermiform process. In the present study chimpanzees and gibbons were employed. 
A glass cannula tied into the appendix provided a means for determining the 
yolume-elasticity or luminal capacity at various pressures. Anatomically and 
physiologically, the appendix of the chimpanzee proved to be similar to the human 
appendix, and acute gangrenous appendicitis with perforation was produced by 
obstruction of the lumen, simultaneous pressure recordings showing the level of 
the intraluminal pressure to rise as high as 106 cm. of water. Conversely, the 
appendix of the gibbon bears less resemblance to that of man, and pressure rises 
of significant magnitude did not occur after obstruction, and there was no appen- 
dicitis following obstruction of the lumen. Since it has been reported that milder 
grades of acute appendicitis can be produced in man by obstruction of the lumen 
at the base, it is concluded that in man also obstruction of the lumen, if main- 
tained a sufficient number of hours, would result in acute gangrenous appendicitis 


with rupture. Warren C. Hunter. 


EXPERIMENTAL DipHTHERITIC Hepatitis AND Nepuritis, L. Cornit and J. 
VacueE, Ann. d’anat. path. 14:1, 1937. 


Diphtheria toxin inoculated into dogs and guinea pigs yielded the following 
findings: In dogs a progressive’ toxic syndrome with jaundice was produced, 
characterized anatomically by severe vascular and parenchymatous lesions in the 
liver and kidneys. In splenectomized dogs similar vascular lesions were produced, 
but with fewer hemorrhages, and there was better preservation of the parenchyma. 
After injections of india ink the same clinical and anatomic picture results, but 
without jaundice; apparently this is due to a disturbance of the relationship 
between the Kupffer cells and the liver parenchyma. In guinea pigs diphtheria 
toxin also produces intense vascular dnd endothelial lesions; but if anaphylactic 
shock has been previously induced, such lesions are absent even with large doses. 


Perry J. MELNICK. 


Bone GraFts: THEIR REHABILITATION AND REVITALIZATION. L. IMBert, Ann. 
danat. path. 14:17, 1937. 


The findings in bone grafts of the vertebral columns of dogs confirmed obser- 
vations published by the author in 1930. Such a graft begins to degenerate but 
very shortly becomes rehabilitated. An ingrowth of blood vessels takes place, 
resulting in removal of much of the old bone structure, followed by proliferation 
of new bone, either with or without intermediary cartilage. Meanwhile on the 
adjacent vertebral spines, bony vegetations develop, which join the graft across 
the intermediary ossifiable zone. During the process of rehabilitation the graft 
may be mechanically weak and may fracture, but this has no significance, because 


eventually a firm bony union results. Perry J. MELNICK. 


Pathologic Anatomy 


RELATION OF ANGINA PeEctorIs, CORONARY THROMBOSIS AND MYOCARDIAL 
INFARCTION TO THE PaTHoLocic CHANGES. H. L. BLtumocart, M. J. ScHLEs- 
INGER and D. Davis, Am. Heart J. 19:1, 1940. 


The material consisted of the records and hearts of 125 persons who came to 
autopsy. The two coronary arteries were injected simultaneously, at a pressure 
of 150 mm. of mercury, with a warm blue or red radiopaque agar-agar mass 
three times as viscous as normal blood. Each heart was prepared so that a roent- 
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genogram could be taken of the injected arteries with the ventricular walls lying 
in one plane. The coronary arteries were then exposed by dissection and studied 
Normal hearts were used as controls. Thirty cases were selected for special study, 

Three types of coronary patterns occurred: (a) balanced circulation, in which 
the right coronary artery supplied the right ventricle and a part of the septum 
and the left coronary artery supplied the left ventricle and the rest of the septum 
(40 per cent); (b) right preponderance, in which the right artery supplied a cop. 
siderable portion of the posterior part of the left ventricle (40 per cent); (c) lef 
preponderance, in which the left coronary supplied a considerable part of the right 
lower chamber (20 per cent). Sudden death and myocardial infarcts occurred 
most frequently in the cases with left ventricular preponderance. 

The injected mass entered vessels having a diameter of 40 microns or more. 
In normal hearts practically no filled anastomotic channels could be visualized, 
indicating that functioning communicating vessels do not develop in aging hearts. 
But such channels were found in all of the abnormal hearts studied. 

The 30 hearts were divided into three groups: (1) 12 in which angina pectoris 
had been a conspicuous symptom and in which marked atherosclerosis occurred: 
(2) 13 without angina but with marked atherosclerosis; (3) 5 having a history 
of angina and only minimal atherosclerosis. All 30 had functional anastomotic 
channels between branches of the same coronary artery or between the right and 
left vessels. Functional anastomotic channels develop in the heart only as needed, 
Hearts with such channels are able to carry on in the face of constricting lesions 
in the coronary arteries or of excessive myocardial nutritional demands. Sudden 
occlusion, even of a main coronary artery, may not produce myocardial infarction 
in such hearts. 

In the 13 hearts without angina there were 12 occlusions of large branches of 
the coronary arteries,.marked narrowing of others, and two old myocardial infarcts, 
Nevertheless, the anastomotic circulation enabled the hearts to carry even excessive 
loads without effort pain. No coronary failure existed prior to the terminal illness, 
On the other hand, in the 12 hearts with angina there were 25 occlusions of the 
main coronary arteries, with marked narrowing, and fibrosis in 10 of the hearts. 
Well developed anastomotic channels were also present, but coronary failure fol- 
lowed excessive myocardial demands. 

One of the 5 hearts with minimal coronary atherosclerosis had suffered from 
angina, after an occlusion followed by a large infarction. In the other 4, excessive 
blood demand was caused by valvular lesions. Thus, even in the absence of 
obstructive lesions, coronary failure may lead to effort pain. Angina pectoris 
appears to be due to localized temporary anoxia of the myocardium; when such 
anoxia is prolonged, pain may be intensified and proliferation of connective tissue 
may occur in the affected areas. The small fibrotic areas thus produced may 
coalesce to form larger ones. Such scars were found without occluded coronary 
arteries. Local anoxemia without occlusion may give rise to symptoms that simu- 
late coronary thrombosis but differ from the latter by the absence of progressive 
electrocardiographic changes, leukocytosis and fever. 

The authors suggest that “myocardial infarction” be substituted for “coronary 
thrombosis,” since severe, prolonged anginal pain, associated with shock, can be 
present without the occlusion of a large artery and infarction. When there is more 
generalized coronary failure, the whole ventricle or both ventricles become incom- 
petent, and cardiac failure sets in. The new fact brought out is that a functioning 
anastomotic circulation develops only when and where it is needed, and that this 


may become very efficient if given enough time. DANIEL J. GLOMSET 


CEREBRAL CHANGES FOLLOWING TREATMENT WITH BarsiITAL, SoLuBLE BARBITAL 
U. S. P., InsuLIn AND Metrazor. G. B. Hassrn, Arch. Neurol. & Psychiat. 
42:679, 1939. 


Studies of cerebral changes in 5 patients who died after large doses of barbital, 
soluble barbital, insulin shock and metrazol revealed practically identical changes, 
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ABSTRACTS 


differing only in degree. There were : aseptic meningitis with distention of the 

barachnoid space and infiltration with lymphocytes, mesothelial cells, polyblasts, 
broblasts and other cells; edema of the brain tissues; swelling of the ganglion 
cells and their processes, with occasional satellitosis and neuronophagia, which t 
ere absent in the cases of barbital poisoning. In these cases swelling of the 
pacer cells of the olivary bodies was particularly in evidence, the olig« xdendroglia 
was pyknotic, and the microglial reaction was insignificant. In the patients who 
had died after treatment with soluble barbital many ganglion cells were liquefied H 
and subject to neuronophagia. Inflammatory changes around the blood vessels 
were not in evidence. On the whole, the changes, however severe, presented 
nothing specific. They resembled changes repeatedly produced experimentally by 
injections of arsenic, phosphorus and strychnine and are in general reversible and f 
therefore are not the factors causing death. The edema of the cerebral tissue 
with the resulting defective discharge of the tissue fluids of the brain into the 


| subarachnoid space may have been the cause of death. AutHor’s ABSTRACT. 


—aowrowr FF ae & 6° oe 


ParHotocic ANATOMY OF CELLOPHANE PERINeEPHRITIS. I. GraeF and I. H. 
Pace, Am. J. Path. 16:211, 1940. 


It has been found that sterile cellophane when gently applied to the kidneys 
of dogs, rabbits and cats produces an intense inflammatory reaction and strong 
chemotactic stimulation of polymorphonuclear leukocytes, followed by continuous 
deposition of fibroblasts and collagen. The collagenous deposit may be 3 to 5 mm. 
thick, and after one and one-half to two months the renal parenchyma or hilar 
structures or both may be compressed. The systolic blood pressure begins to rise 
three to four weeks after the application of cellophane and may reach a level of 
240 mm. of mercury after a month or two. The elevation has persisted for as 
long as fourteen months. This type of hypertension appears to be genetically 
related to the perinephritis; it is difficult, on morphologic grounds, to ascribe it to 
ischemia, since there are no ischemic changes in the kidneys in the early stages. 
Further studies of the flow of blood through the affected kidneys are necessary 
to determine the occurrence of ischemia in this type of experiment. In later stages 
ischemic scarring is easily discernible, and the compression of the kidney probably 
interferes with capillary circulation. Likewise there may be marked compression 
of the hilar structures by the scar tissue. 


From AutHors’ SUMMARY. 


TissuE CHANGES IN AscorBic AciD-DeEFICIENT GUINEA Pics. D. L. MacLean, 
M. SHEPPARD and E. W. McHenry, Brit. J. Exper. Path. 20:451, 1939. 


Using the paired feeding technic, so that the variable factor of inanition might 
be controlled, the authors found that in guinea pigs acute deficiency of ascorbic 
acid produced abnormalities principally in the bones and teeth. In both these 
organs there was a failure in those special cells which are concerned with the q 
formation of calcific tissue. No evidence has been secured to support the jella- 
tion theory. Characteristic changes have not been obtained in other tissues. The 
inanition which is coincident with the development of ascorbic acid deficiency is 
not responsible for any of the observed histologic changes. 


From AutTHors’ SUMMARY. 


THE HyporHaLAMus IN Opesity. W. Ritter, Frankfurt. Ztschr. f, Path. 52: 
149, 1938. 


The hypothalamus, including the hypophysis, was examined in 4 instances of 
constitutional obesity, Morgagni’s syndrome (thick skull and bony excrescences 
of the inner surface of the frontal bone), Cushing’s syndrome and cerebral poly- 
globulism (Giinther). No noteworthy changes were demonstrable. However, in i 
all 4 instances there were marked basophilia of the hypophysis and an increase 
of the lipoid content of the adrenal cortex. The author regards the changes in 
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the hypophysis as compensatory, brought about by an interference in the balance 
of the endocrine organs which control fat metabolism. He compares the hypo- 
physial changes with the hyperplasia or adenoma in the parathyroids in certain 


bone diseases. O. Sarum 


LIPOFUSCIN IN THE Liver. K. Scueet, Frankfurt. Ztschr. f. Path. 52:265, 1938, 


By means of a special ocular micrometer, measurements of the areas occupied 
by brown pigment in a number of sections of livers taken at random were 
attempted. It was found that there was a moderate amount of lipofuscin in livers 
showing a moderate degree of passive hyperemia and fatty degeneration in cases 
of poor general nutrition and of diseases of long duration. Much lipofuscin was 
present in livers showing little or no passive hyperemia and little fatty degen- 
eration in instances of good general nutrition, sudden death, uremia, diabetic coma 
and exophthalmic goiter. It is stressed that the amount of lipofuscin cannot be 


taken as indicative of the degree of atrophy of the liver. O. Sasem 


Pathologic Chemistry and Physics 


Iron, CoppeR AND MANGANESE IN HUMAN ORGANS AT Various Aces, G, 
BrucKMANN and S. G. Zonpexk, Biochem. J. 33:1845, 1939. 


With improvement of certain methods, estimations were made of the total iron, 
nonhemin iron, copper and manganese of liver and kidney at various ages. The 
colorimetric determinations were made with the Leitz photometer, with a 495 milli- 
micron filter for all three methods. In most instances the organs were analyzed 
within twenty-four hours after autopsy. There is a characteristic life curve for 
the percental value of total iron and particularly for that of nonhemin iron. At 
birth the values are high; then comes a definite decrease, reaching a minimum 
at the age of 2 years; the curve rises again, at first slowly and later more rapidly. 
rom the age of 20 till the end of life, the values remain at the same level. The 
nonhemin iron contents of the liver and kidney are remarkably constant in the 
healthy adult. The mean values are 800 and 160 mg. per kilogram of dried sub- 
stance, respectively. The iron content of the kidney is strikingly constant. Anemia 
seems to exhaust the iron reserves of the liver much sooner than those of the 
kidney. Severe anemia may reduce the iron content of the organs to a minimum 
which is identical with the minimal values of childhood and within the same limits 
as the “parenchyma-Fe” fraction found in the dog by Hahn and Whipple. Blood 
transfusion is one of the few measures capable of definitely increasing the nonhemin 
iron of the kidney and liver. The life curve of the hepatic copper content shows 
a maximum at birth followed after the second month by a sharp decline. The 
existence of a congenital copper deposit with human liver has been confirmed by 
this investigation. There is no congenital copper deposit in the kidney or in the 
brain. Exploratory analyses of the thymus, hypophysis and thyroid gave surpris- 
ingly low values. The manganese content of the liver is apparently not influenced 


by age, being fairly constant during the whole life. R. J. Lesowic# 


LIESEGANG AND MuscLe Pressure Waves. E. J. Carey, J. A. M. A. 114:753, 
1940. 


Microcapillarity confines, stabilizes, orients and concentrates the multiple micro- 
compressional waves of physicochemical changes into alternate zones of conden- 
sation and rarefaction, expressed as both Liesegang and muscle striae. Wavelength, 
spacing of striae and rate of physicochemical change appear to be interrelated. 
Transformation of chemical into mechanical energy of muscle motion appears to 
be an algebraic summation of multiple microchemical compressional waves of mildly 
explosive pressure, radiated from physicochemical reactions constrained within the 


microcapillary muscle fiber or fibril. Fao Autrsoa’s SUMMARY 
ss e 4 . * . . 4 . 
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A DexTRosE-CONTAINING CEREBROSIDE FROM THE SPLEEN IN GAUCHER’S DISEASE. 
~N. Hautmay, H. J. Dever Jr., L. J. TRAGERMAN and W. E. Warp, J. Biol. 

Chem, 132:171, 1940. 

The spleen, which weighed about 1,500 Gm., was removed at operation from 
a patient with Gaucher’s disease. The cerebroside separated from the spleen 
resembled kerasin except that it contained dextrose rather than galactose as the 
reducing sugar. The proof that dextrose was the component sugar was based on 
the yeast fermentation and glucosoazone tests. The presence of dextrose in the 
cerebroside could not be traced to an impurity in the cerebroside preparations. 
In other properties, such as nitrogen content, melting point, fatty acids after 
hydrolysis and solubilities, the isolated cerebroside was identical with kerasin. It 
is probable that the dextrose-containing cerebroside represents an anomaly in carbo- 
hydrate metabolism rather than Gaucher’s disease. R. J. Lesowrcn. 


Hyaturonic Acip IN THE PLeuRAL FLump or A PATIENT WitH A MALIGNANT 
Tumor OF THE PLEURA AND PERITONEUM. K. MEYER and E. CHAFFEE, 
J. Biol. Chem. 133:83, 1940. 


The isolation of hyaluronic acid from the pleural fluid of a patient with meso- 
thelioma or endothelioma of the pleura and peritoneum is reported. The tumor 
cells are regarded as the source of the acid. Chemically, the substance was a 
polysaccharide composed of equimolar parts of hexosamine, hexuronic acid and 
acetyl. Its chemical identity as a polysaccharide was finally established by rotation 
and by enzymatic analysis with an enzyme prepared from a rough pneumococcus 
highly specific for hyaluronic acid. The abnormal viscosity of the tumor fluid as 
measured in an Ostwald viscosimeter characterized the fluid as a gel. 


L. J. Lesowicu. 
Broop PrasMA ProTEIN Propuction AND UtimizatTion. S. C. MaAppEN and 
others, J. Exper. Med. 71:283, 1940. 


Perhaps the most significant concept which derives from all their experiments, 
the authors state, is the fluidity of the body protein (including plasma protein) — 
a ready give and take between the protein depots—a “dynamic equilibrium” of body 


protein. From Autuors’ SuMMARY. 


INFLUENCE OF NITROGEN RETENTION ON PLASMA Prorerns, R. L. HotmManN and 
J. G. Mepane, J. Exper. Med. 71:299, 1940. 


Because of the clinical observation that the capacity to form new plasma 
proteins is sometimes impaired in patients with nephritis, experiments were per- 
formed to determine whether the impairment of function in the nephritic subject 
is related to the retention of nitrogen. These experiments consisted in producing 
renal injury by injecting uranium nitrate into standard hypoproteinemic dogs and 
comparing the rate of the formation of blood plasma proteins under these condi- 
tions of nitrogen retention with that in the uninjured dog. Despite elevations in 
blood nonprotein nitrogen to more than ten times normal, no interference with the 
formation of plasma protein was observed. These elevations in nonprotein nitrogen 
affected principally the urea and undetermined fractions. Neither elevation in non- 
protein nitrogen nor proteinuria per se appears to have any effect on the production 
of plasma proteins. Possibly the deficient production of plasma proteins in the 
nephritic patient is related to a more general disturbance in metabolism in which 
the elevation in nonprotein nitrogen is secondary. 

From AutTHors’ SUMMARY. 
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A PuysicaL AND CHEMICAL EXAMINATION OF VACCINIA Virus. A. S. McFap 
LANE and others, Brit. J. Exper. Path. 20:485, 1939. 


The degree of hydration of the particle in homogeneous suspensions of the 
elementary bodies of vaccinia virus has been measured by a partition method ; 
the particle has large amounts of water associated with it in the form of an 
atmosphere which is not penetrated by sucrose or egg albumin. Elementary bodies 
can be dried, extracted with ether or benzene and resuspended in an aqueous 
medium to the same degree of dispersity as the original homogeneous suspension 
without detectable loss in infectivity. The physical and chemical properties of the 
residual particle, which must be considered to be the virus, are described. The 
virus contains lipoid material, which can be removed only by alcohol, as well as 
protein, carbohydrate and nucleic acid. Its behavior toward mechanical, osmotic 
and chemical agents suggests that it has no superficial membrane. The possible 
structural forces which could maintain the integrity of the particle are discussed. 


From AutnHors’ SuMMARY. 


ABSORPTION, MOBILIZATION AND EXCRETION oF Leap. S. L. THompsett, Brit. J. 
Exper. Path. 20:512, 1939. 


Thompsett has shown that the addition of hydrochloric acid to the diet increases 
the absorption of lead from the alimentary tract. Ammonium chloride, sodium 
bicarbonate and potassium iodide produce mobilization of lead on both a high and 
a low calcium intake. Recently absorbed lead may be excreted very rapidly after 
removal from exposure. 





Microbiology and Parasitology 


EryYsIPELOTHRIX ENpocarpitis. W. O. Russert and Marion E. Lamp, J. A, 
M. A. 114:1045, 1940. 


Three probable cases of endocarditis caused by Erysipelothrix rhusiopathiae 
have been collected from the literature. In 2 of these an expected and typical 
history of infection was obtained, and endocarditis was observed at necropsy, but 
bacteriologic confirmation was lacking. In the third case, with a clinical course 
suggestive of endocarditis and repeated blood cultures positive for Ery. rhusio- 
pathiae, the endocarditis was not confirmed, as a necropsy was not performed. 

The case reported here is believed to be the first proved case of endocarditis 
caused by Ery. rhusiopathiae with complete necropsy and bacteriologic studies. 
It is an instance of a chronic form of Erysipelothrix infection in man and of a 
fatal complication of erysipeloid disease, and the observations were similar in all 
respects to those on endocarditis complicating swine erysipelas. The apparent 
rarity of the disease, as suggested by the literature, with only 3 questionably 
identified cases, is probably not entirely justified. While in swine endocarditis is 
an infrequent complication of swine erysipelas, it is observed and generally recog- 
nized by veterinarians. For this reason the opinion is ventured that in the future 
more cases in man will be recognized as the prevalence of erysipeloid infection is 


rapidly being publicized in medical literature. From AutHors’ SUMMARY 


A PNEUMONIA Virus CarrieD BY NormMat Mice. F. K. Horsrart Jr. and 

R. G. Haun, J. Exper. Med. 71:391, 1940. 

A virus capable of producing fatal pneumonia in mice has been isolated repeatedly 
from the lungs of certain apparently healthy mice. Not all mice carry the virus. 
It was obtained only from mice supplied by three breeders, although mice from 
eight different sources were studied. The virus was avirulent, as it occurred in 
normal mouse lungs and became virulent only after serial passages through mouse 
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lungs. It was strictly pneumotropic for mice and produced pneumonia when given 
intranasally but showed no evidence of infectivity when given by other routes. 
The virus was noninfectious for ferrets and did not become pathogenic for this 
species after numerous serial passages. It was also nonpathogenic for rabbits, 
guinea pigs, rhesus monkeys, voles, deer mice, skunks, woodchucks, opossums and 
Syrian hamsters. All strains of the virus which have been tested have been 
immunologically identical, as indicated both by cross immunity and cross neutrali- 
zation tests in mice. The virus was antigenic in both mice and rabbits and was 
readily differentiated from the viruses of human influenza and swine influenza by 
means of either cross immunity or cross neutralization tests. It was also neutral- 
ized by about 30 per cent of normal human serums tested. It was extremely 
labile, and suspensions prepared in saline solution or broth became inactivated 
within a few hours at room temperature. The addition of normal horse serum to 
the virus suspensions, however, exerted a definite stabilizing effect. Ultrafiltration 
results indicated that the virus particles have a diameter of about 100 to 150 milli- 
microns. Evidence is presented which indicates that this virus is different from 
other viruses which various investigators have found in normal mouse lungs. 


From AutHors’ SUMMARY. 


ENCEPHALOPATHIC AGENT IN PRIMATE BONE Marrow. L. S. Kine, J. Exper. 
Med. 71:603, 1940. 


The nature of the encephalopathic agent present in monkey bone marrow has 
been investigated. It is readily soluble at pu 7.4, as well as at pu 2.0 and 3.0. 
The point of minimal solubility is pa 4.2. Heat inactivation is produced by a tem- 
perature of 75 C. acting for fifteen minutes. The agent is digested by pepsin. 
It exhibits a slight degree of sedimentation with the air-driven centrifuge. It is 
nondialyzable. It is precipitated from solution (px 7.4) by ammonium sulfate 
over a range of 0.4 to 0.8 saturation. These observations all suggest that the 
agent is a protein. No immunologic reactions could be elicited. 


From AutHor’s SUMMARY. 


INFECTIVITY AND IMMUNITY AFTER INTRACUTANEOUS INJECTIONS OF VIRUS OF 
Potiomyetitis. F. D. Strmpert and J. F. Kesser, J. Exper. Med. 71:645, 
1940. 


Certain strains of the virus of poliomyelitis are infective by the intracutaneous 
route but not all. The inconsistency of skin infectivity tests indicates that there 
is some property yet unknown which influences infectivity by this route. Strains 
vary in the degree of immunity produced in experimental monkeys inoculated by 
the intracutaneous route and subsequently tested for resistance to intranasally 
injected virus. The variation has no relation to the virulence of the strain. 
Further investigation should be carried out on the intranasal route of injection, 
so that this method may be used with greater assurance in immunity tests and 
also in other procedures of poliomyelitis experimentation. 


From AutTHors’ SUMMARY. 


CHANGES PropUcED BY THE ToxIN oF CLosTRIDIUM HISTOLYTICUM. : 
PASTERNACK and I. A. Benctson, Pub. Health Rep. 55:775, 1940. 


Clostridium histolytica produces a powerful proteolytic toxin and hemolysin. 
Subcutaneous inoculations of the toxin produced only minor changes in rats and 
mice. Guinea pigs and rabbits usually showed redness of the skin and moderate 
swelling in two to four days. Large doses yielded more or less hemorrhagic dis- 
coloration and sloughing. Deep intramuscular inoculation of large doses of toxin 
produced in mice and rats minor degrees of swelling and occasionally myolysis. 
Guinea pigs and rabbits showed a spreading boggy edema, hemorrhagic necrosis 
of the skin and severe myolysis. In some animals there was complete denudation 
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of the bone, with spontaneous amputation at the hip or knee joint. However, the 
animals showed only slight systemic reactions. 

The essential lesion is a rapidly developing edema that disorganizes the tissues, 
In the first few hours the edema extends along the muscle planes; later the muscle 
bundles are separated, and finally the individual fibers show irregular Swelling 
and deformity, loss of transverse striation and alteration in staining quality, Jy 
some bundles only vacuoles are present where there were fibers, and individyal 
fibers often show segmental vacuolation. The myolysis is associated with more or 
less hemorrhage and hemolysis. The smaller blood vessels show degenerative 
changes of their walls but large ones rarely show lesions. The difference in syr. 
vival time between animals receiving approximately the same doses of toxin intra- 
venously afforded an opportunity to observe the effects of the toxin after different 
intervals of time. The spleen showed degenerative changes more regularly than 
any other organ, and the kidneys were next. In the spleen the important lesion 
was pyknosis and karyorrhexis of the lymphocytes in the malpighian corpuscles, 
The conversion of follicles into heaps of nuclear debris and phagocytosis of the 


fragments by reticulum cells were characteristic. Fro AuTHoRS’ SUMMARY 


Tue Mope or AcTION OF SULFANILAMIDE. H. N. GREEN, Brit. J. Exper. Path, 
21:38, 1940. 


Green has studied the mode of action of sulfanilamide and has come to the 
conclusion that its antibacterial effect is due to the inhibition of some enzyme 
reaction which is fundamental to bacterial reproduction. This enzyme reaction js 
normally catalyzed by a substance (P factor) which is extracted from bacteria, 
This factor in vitro can be shown to have a specific antagonistic action to sulf- 
anilamide. The antibacterial action of sulfanilamide is evident when the depressing 
action of this drug is greater than the stimulating action of the P factor. 


PRESENCE OF RABIES AND PSEUDORABIES VIRUS IN THE Eye. P. REMLINGER and 

J. Bamty, Ann. Inst. Pasteur 64:40, 1940. 

Rabies virus was found in the retina, the vitreous body, the choroid and, in 
especially high concentration, in the crystalline lens of the eye in infected dogs, 
cats and rabbits. The virus of Aujeszky was isolated only from the choroid and 
retina. Rabies virus was found almost constantly in the retina and pseudorabies 
virus in the choroid, but in only about half the animals was pseudorabies virus 
isolated from the retina or rabies virus from the choroid. Neither virus could be 


found in the aqueous humor. From AutHors’ Conclusions 


Toxic Errect of Deap Bovine TUBERCLE BACILLI IN THE RaAssit. F. VAN DEINSE 
and J. Sotomipés, Ann. Inst. Pasteur 64:73, 1940. 


Intravenous inoculation of dead bovine tubercle bacilli into rabbits, either in 
repeated or in single doses, usually resulted in death of the rabbits after one day 
to six months. Nodular lesions visible to the naked eye were seldom found, but 
microscopic €xamination sometimes revealed either nodular or diffuse lesions of 
tuberculous character in the lung, liver and spleen. Tuberculous lesions were 
never seen in the kidney, but histologic studies showed signs of toxic nephritis. 
Either glomerulonephritis or interstitial infiltration and sclerosis, or sometimes 
both, were usually present and were always accompanied by degeneration of the 
convoluted tubules. These lesions were believed to be due to an allergic reaction 


to the toxin of the dead bacilli. I. B. Guxxrson 





EVOLUTION OF SEROLOGIC REACTIONS IN THE CouRSE OF INFECTIOUS MONONU- 
cLeosis. R. DeMancuHe, Sang 13:680, 1939. 


This is mainly a study of the titers of heterophilic antibodies and of their 
serologic specificity in 3 patients with infectious mononucleosis, over periods 
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varying from one hundred to one hundred and forty days. The clinical mani- 
festations subsided after from three to four weeks. The hematologic findings 
were similar to those commonly observed except for an increase of monocytes to 
78 per cent. The m mnonucleosis gave way toa normal blood picture after periods 
varying from thirty-five to ninety days. The titers of the antisheep agglutinins 
dropped to normal levels after from two to three months, but even then for 
yvarving lengths of time the absorption with suspensions of guinea pig kidney 
failed to remove all the agglutinins, as is the rule in normal serums, thus per- 
mitting the establishment in retrospect of the diagnosis of infectious mononucleosis. 


I. DAvVIDSOHN. 


Tumors 


Tissue SPECIFICITY AND CHEMOTHERAPY OF Cancer. L. C. Stronc, Am. J. 

Cancer 38:243, 1940. 

The spontaneous tumors of six distinctive genetic strains of mice grow at 
approximately the same rate. There is approximately the same graded sequence 
of histologic type in the spontaneous tumors of these 6 strains. Minor differences 
in histologic features of the spontaneous tumors do, however, occur. Approxi- 
mately the same effect can be produced by heptyl aldehyde and methyl salicylate 
on spontaneous tumors in mice belonging to the different genetic strains. The 
phenomenon of “tumor specificity” as expressed by the spontaneous tumors that 
arise in a given genetic strain of mice does not, apparently, interfere with the 
effect on cancer of pure chemicals added to the diet. 


From Avutnor’s SUMMARY. 


SIMULTANEOUS OCCURRENCE OF Two TYPES OF METASTASIZING CARCINOMA IN 
THE StomacH. P. J. SCHNEIDER, Am. J. Cancer 38:263, 1940. 


A case is reported of the simultaneous occurrence of adenocarcinoma at the 
lesser curvature of the stomach and medullary carcinoma at the pylorus. Each 
tumor was of a distinct type, and each metastasized separately. Nine other 
examples of the simultaneous occurrence of two distinct types of carcinoma in the 
stomach were found in a review of the literature. 

From AvutHor’s SUMMARY. 


Tue INITIATION AND GRowTH OF Tumors. A. TANNENBAUM, Am. J. Cancer 
38:335, 1940. 


The initiation and growth of tumors may be controlled by different factors 
and should therefore be studied separately. In underfed animals fewer tumors are 
formed and at a later time (retarded initiation) than in full-fed animals. The rate 
of growth of tumors developing in underfed animals appears to be the same as 
that of tumors developing in full-fed animals. The rate of growth of tumors 
developing in full-fed animals diminishes when these animals are subsequently 
underfed. All experimentalists dealing with retardation of initiation and growth 
of tumors must consider the possibility of restricted metabolism and growth of 
the experimental animals, whether produced primarily by restricted food intake or 


secondarily by interference with utilization. From AutHor’s SUMMARY 


Tumors Propucep in Hamsters BY BENzpyRENE. L. HALBERsTAEDTER, Am. J. 
Cancer 38:351, 1940. 
The hamster (Cricetus auratus) reacts to the subcutaneous injection of benz- 
pyrene, like the rat and the mouse, by formation of sarcoma. The percentage of 
tumor production is high (93 per cent); the average incubation period is three 
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months. A hamster tumor strain is described having a marked tendency to metas- 
tasize, the percentage of animals with metastases being 72. The metastases were 
mainly localized in the lymph nodes, as in systemic disease. 


From AvutHor’s SumMMary, 


FAMILIAL MAMMARY TuMorRS IN Raspits. H. S. N. Greene, J. Exper Med. 
71:305, 1940. 


A series of experiments is described in which fragments derived from two 
mammary tumors of distinct types were transferred at different developmental 
stages to the anterior chambers of the eyes of normal rabbits. It was found that 
the ability to survive and to grow progressively after transplantation was not 
immediately related to anaplastic cellular changes. On the other hand, there existed 
a definite correlation between the success of transplantation and the morphologic 
relationship between the tumor cells and the normal cells of the host. Transplan- 
tation to normal animals could not be effected during stages of local invasion of 
tissue but was successfully performed as soon as the tumor cells manifested an 
ability to invade foreign tissues or to metastasize in the spontaneous host. It was 
concluded, therefore, that neither anaplasia nor local invasion of tissue represented 
autonomy but, rather, stages in its development and that the final attainment of 
this condition was evidenced only by metastasis or by invasion of foreign tissues, 
The tumors were successfully transplanted to normal animals during this series of 
experiments and have been carried by serial transfer to the present time. The most 
outstanding feature in the transplantation of the papillary type tumor was the 
marked difference in susceptibility exhibited by the two sexes. The acinar type 
tumor was distinguished by high transplantability, extremely rapid growth and 
early regression. 





From AutTHor’s SUMMARY. 


GrowTH INHIBITION BY SUBSTANCES IN Liver. A. M. Brvues and others, J. 
Exper. Med. 71:423, 1940. 


Certain tissue constituents inhibitory to cell growth, extracted from liver, are 
described. The findings indicate that the inhibitory material is adsorbed to colloids 
in the native state and is freed from them by alcohol extraction. One inhibitor, 
ethanolamine, has been isolated. This substance differs in its biologic properties 
from the bulk of the inhibitory material present in liver. Progress in purifi- 
cation of other inhibitors is described, and it is shown that inhibition by these 
extracts is not correlated with surface activity or with the presence of pigmented 
constituents. The inhibitors have common properties which suggest that they are 
of physiologic significance in the regulation of growth: action over a wide range of 
concentrations at which other cell functions are undamaged; reversibility of 
action; presence in adult liver in concentrations near those which inhibit growth 
in vitro, while in embryo liver they are found only in much lower concentrations, 


From AutTHors’ SUMMARY. 


DETERMINATION OF THE THORON CONTENT OF AIR AND ITs BEARING ON PUL- 
MONARY CANCER HaAzarps IN INpustrRY. R. D. Evans and C. GoopMAn, 
J. Indust. Hyg. & Toxicol. 22:89, 1940. 


Portable apparatus is described for collecting reproducible samples of thorium 
B, on which alpha or beta ray analyses can be quantitatively interpreted in terms 
of the thoron concentration of the air originally sampled. The biologic effective- 
ness of alpha radiation on the lungs and bones of man, rats and mice is considered 
in terms of the radiation energy dissipated per hour per gram of dry tissue. 
Consideration of all available quantitative evidence suggests that long-continued 
breathing of air containing 10-® curies per liter results in a high incidence of pul- 
monary cancer and leads the authors to recommend 10 micromicrocuries (10-™% 
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curies) per liter of air as the safe working concentration of radon or thoron in 
plants, laboratories and offices. The results of typical plant air measurements are 
reported which show thoron concentrations of twenty-three to four hundred times 


this recommended value. From AutTHors’ SUMMARY. 


\cTION OF METHYLCHOLANTHRENE ON NorMmat Tissue. W. R. Earte and 
~_ €. Vorctirx, Pub. Health Rep. 55:303, 1940. 


The action of methylcholanthrene has been studied on three series of tissue 
cultures of fibroblasts from different adult C;H strain mice. These three strains 
were subjected to 0.01 mg. of carcinogen per cubic centimeter of culture fluid. 
The carcinogen was added to the culture fluid as a fine suspension. The initial 
effect of the carcinogen was toxic and retardative for growth. Present data do 
not preclude the possibility that this was not later superseded by some stimulation 
of growth. The cultures of series 188 were carried in the carcinogen for one 
hundred and fifteen days. The carcinogen was then omitted and the cells carried 
for two hundred and sixty-five days in fresh culture medium. Even after the car- 
cinogen was omitted and the medium had been changed more than one hundred 
times, so that the residual concentration of carcinogen was certainly extremely low, 
the radical changes observed in the cells persisted. These changes are described 
in detail. The changes seen were in general confirmed by the second series, 189, 
but the cells of this series were not carried sufficiently long after addition of car- 
cinogen had been discontinued to be considered more than confirmatory. Series 
191 was carried for one hundred and forty-six days in carcinogen, then in fresh 
culture medium for one hundred and four days. Active traces of carcinogen 
remained in this series, owing to contamination of the culture glassware. The 
changes seen in this series were similar to those observed in the other series, but 
were exaggerated. 

There was no sign of a sudden change in the cultures from the action of 
carcinogen. There seemed to be rather a gradual change which progressed with 
time. Similarly, this change seemed to affect all, or at least the larger number, 
of the cells in the culture. There was no evidence that one cell or one small 
local group of cells was transformed and that these overgrew the other cells in 
the culture. With the exception of an epithelial-like sheet formation by the treated 
cells, all the changes observed tended to make the treated cells to a great degree 
like cells which the authors have studied in tumors which have arisen in rats 
from the injection of methylcholanthrene. The tendency has also been to make 
the treated cells strikingly different from the normal fibroblasts from which they 
arose. In regard to the epithelial-like sheet formation noted, while some of this 
has been seen in a strain of methylcholanthrene-induced tumor cells studied, the 
cohesion did not appear in as exaggerated a form as in some of the in vitro treated 
cultures, The suggestion is made that in this respect the cells may have gone 
even farther in vitro than they did under the action of the carcinogen in vivo. 
Twelve mice were inoculated with carcinogen-treated cultures from series 188. 
The mice showed no tumors. The results are considered as inconclusive for 
reasons discussed. 

The chief changes observed in the cells seem to center around a change, either 
primary or secondary, in the cell membrane. The question is raised as to how 
crucial a change this is in the induction of malignancy in the carcinogen-treated 


cell. From AutHors’ SUMMARY. 


CARCINOMA OF THE STOMACH MOoRPHOLOGICALLY RESEMBLING CHORIOCARCINOMA. 
K. Gaertner, Frankfurt. Ztschr. f. Path. 52:1, 1938. 
Gaertner stresses the importance of carefully evaluating all other possibilities 
before diagnosing extragenital choriocarcinoma in the male. A review of the 
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literature revealed that a number of instances in which this diagnosis was made 
do not sustain critical analysis. The author reports 2 instances of primary carej- 
noma of the stomach. In 1 of these the metastatic tumors in the liver, lung 
and lymph nodes closely resembled choriocarcinoma. In the second instance the 
primary carcinoma of the stomach on superficial examination could have been 
confused with primary choriocarcinoma. The hormonal action of the primary 
tumor also must be taken into consideration in evaluating the possibility that the 


carcinoma in question is an extragenital choriocarcinoma. O. SaPume 


CARCINOMA IN THE YouNG. G. GUTMANN, Frankfurt. Ztschr. f. Path. 52:15, 
1938. 


Gutmann discusses the occurrence of carcinoma up to the age of 30. In Ger- 
many the total incidence of death due to carcinoma involving this age group 
amounted to 0.25 out of 10,000, and 11.5 between the ages of 30 and 60. The 
author does not believe that on the basis of such statistics any definite conclusion 
can be drawn in regard to either an increase or a decrease in the occurrence of 
carcinoma in the young. It is stressed that females seem to be more disposed 
to have carcinoma than males. This is particularly pronounced in the younger 
age group, even when carcinoma of the genital tract is not taken into account, 
It is also stressed that the disposition to have carcinoma in the younger age group 
is more general than in the older age group. However, it seems definitely estab- 
lished that carcinoma is rarer in the young than in the older age group. In the 
age period up to 30 the ovaries or testes, lungs, skin, kidneys and intestines are 
more commonly involved. Rarer is carcinoma of the stomach, uterus or liver, 
and still rarer, carcinoma of the breast or esophagus. It is also emphasized that 
carcinoma in the early age group is more malignant than that occurring later in 


life. O. SAPHIR. 


“Epmemic”’ OccuRRENCE OF CHICKEN Tumors. E. Ask-UpMmark, Frankfurt. 
Ztschr. f. Path. 52:51, 1938. 


Ask-Upmark quotes statistics disclosing that tumors occurred in 371 of 11,903 
chickens. One hundred and forty-four of these tumors arose in genital tracts, 
usually in ovaries. More than 50 per cent of these tumors produced metastases. 
The author observed what he called a tumor epidemic in chickens. Of 100 chickens, 
20 to 25 died in quick succession. The postmortem examination of 4 of these 
formed the basis of this study. Tumor metastases involving almost the entire 
peritoneum and liver were present. The primary tumor was apparently in the 
ovaries. Histologically, this tumor appeared to be mostly medullary carcinoma; 
in other portions, however, it resembled more carcinoma simplex, and in others 
again, scirrhous carcinoma. O. SaPu. 


Medicolegal Pathology 


CONGENITAL LESIONS OF THE HEART AS A CAUSE OF SUDDEN DeatH. W. MUNCK, 

Deutsche Ztschr. f. d. ges. gerichtl. Med. 32:531, 1940. 

Statistics concerning congenital cardiac defects are difficult to compile because 
of the differences in criteria used in evaluating anomalies. Pott found in a group 
of 30,000 children 95 under 10 years of age with congenital cardiac changes. In 
1931 Berblinger found that 50 per cent of all children under 1 year and 33 per 
cent of adults had patent foramen ovale. Where patent foramen ovale is classed 
as a congenital anomaly, therefore, the incidence of congenital heart disease is 
unduly high in proportion to its fatal outcome. 

Munck presents the following statistics of 3,988 autopsies at the Medicolegal 
Institute of Copenhagen, Denmark. Of the 1,092 sudden deaths, 352 occurred in 
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children in the first year of life. Of these deaths, only 8 were attributable to 
congenital heart disease: 6 were in boys and 2 in girls. The youngest child was 
3 days, the oldest, 10.5 months old. There was a patent foramen ovale in every 
one of the bodies. Four hearts had large septal defects ; 2 showed marked cardiac 
hypertrophy; 1, an aortic, and 1, a pulmonic stenosis ; 1, an atresia of the tri- 
cuspid orifice, and 1, a mirror image of this condition in atresia of the mitral 
orifice. One baby had chronic aortic and mitral endocarditis. The most unusual 
defect was an extra-auricular common channel for the pulmonary veins. The 
drainage was downward through the diaphragm and into the portal vein. 


Georce J. RUKSTINAT. 


Tuaturum Porsoninc. H. Stemte, Med. Welt 13:1557, 1939. 


Thallium seems to have assumed to some extent the toxicologic role of arsenic. 
After one or two days there usually develops polyneuritis, with severe pains 
chiefly in the soles, calves and knee joints. The patient complains of a furry feel- 
ing, fornication and hypersensitivity to touch. During the third or fourth week 
loss of hair sets in, which may lead to complete baldness. General weakness and 
loss of weight are frequent. The onset of thallium poisoning is sometimes accom- 
panied by vomiting, diarrhea and intestinal colic, later by constipation. There is 
increase in eosinophils, particularly lymphocytes. The urine may contain protein, 
granulated casts and erythrocytes. The finger nails may show transverse streaks 
similar to those occurring in arsenic poisoning. Impairment of vision and even 
complete blindness may occur. In obscure forensic cases it should be a rule to 
search not only for arsenic but also for thallium. Thallium can be found in the 
urine for weeks or months. In the body it is found in the blood and especially in 
the liver, kidneys and skeletal musculature. In cadavers it can be detected after 
years. Among the methods of demonstration, the spectroscopic one is of the 
greatest importance. It permits the detection of thallium salts if they amount to 
only 1 part in 100,000. If one drop of a solution which contains from 0.02 to 0.03 
microgram of thallium is evaporated in a platinum loop and is then brought into 
the nonluminant flame, the characteristic light green line can be seen at 5,350.48. 
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PATHOLOGICAL SOCIETY OF PHILADELPHIA 


J. H. Crark, President 


H. L. Ratciirre, Secretary 


Regular Meeting, April 11, 1940 


The Human Stomach in Health and Disease (Annual Conversational Lec. 
ture). FRANK L. APPERLY. 

It has been estimated that about one third of all patients who enter the doctor’s 
office complain of indigestion, with or without other symptoms. Consequently it 
seems a little curious in these days of intensive research, often into rare diseases, 
that the mechanism of the common indigestion should be so little understood. The 
textbooks are of little help. The work of Carlson, Alvarez and others in this 
country and of Hurst and Ryle in England has done much to clarify some aspects, 
as well as the significance, of gastric function in health and in disease. 

Many of the common digestive disturbances seen in medical practice are the 
results of incoordinations of the neuromuscular apparatus of the alimentary tract, 
resulting in localized pressures or tensions, which cause discomfort and pain. 

The acidity attained during a test meal is of little or no importance of itself, 
having no causative relation to discomfort and pain. The general shape of the 
acidity curve, however, is closely dependent on neuromuscular gastroduodenal 
activity and therefore can be used as a guide to the interpretation of the various 
muscular incoordinations responsible for discomfort and pain. 

In order to avoid the confusing effects of the two variable factors responsible 
for variations in gastric acidity (viz., secretion and gastrointestinal muscle activity), 
the hydrochloric acid test meal is recommended as the most helpful in practice. 
Properly interpreted, the results of this test will often throw light on obscure 


cases. 


J. H. Crark, President 
H. L. Ratcirrre, Secretary 


Regular Meeting, May 9, 1940 


Late Pathologic Effect of High Voltage Roentgen Rays on the Human 
Lung: Report of Two Cases. Jonn T. BAver and Paut H. SCHRAER. 


Two patients, one with bronchiogenic carcinoma of the right lung and another 
with suspected bronchiogenic carcinoma complicated by pulmonary infection, 
received 9,000 and 8,800 roentgen units, respectively, over the chest. By roentgen 
examination, sharply defined areas of increased opacity were noted over the pul- 
monary fields receiving the most intense irradiation. At death several years later, 
dense pleural adhesions and massive pulmonary fibrosis were noted on the irradi- 
ated side of each patient. The pulmonary tissue was greatly contracted into a 
well defined scar, in which were a few dilated bronchi and remnants of alveoli 
lined by cuboid cells, in places several layers deep. Squamous metaplasia of 
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bronchial epithelium, proliferation of the intima of arteries, condensation of elastic 
tissue into small masses and fraying of elastic tissue fibers in the vascular walls 
were observed. A low grade chronic inflammatory reaction was noted throughout. 

These changes were attributable in part at least to intensive roentgen irradiation. 
To what extent susceptibility of the tissue to irradiation fibrosis or pleuro- 
pneumonitis occurred in these patients because of antecedent tumor and infection 
could not be ascertained. 


Massive Retroperitoneal Leiomyosarcoma with Widespread Metastasis 
and Involvement of the Cavity of the Right Auricle of the Heart. 
D. R. MERANZE. 


A woman aged 56 was admitted to the Mount Sinai Hospital, Philadelphia, 
complaining of pain in the groin, in the right sacroiliac region and in the right 
upper abdominal quadrant of approximately one year’s duration. She had been 
previously studied at a number of hospitals without the establishment of a definite 
diagnosis. On her last admission she showed marked loss of weight, moderate 
anemia and a mass in the region of the liver. 

An exploratory laparotomy disclosed multiple nodules in the liver and a large 
mass in the region of the upper pole of the right kidney. One month later she 
died, showing progressive symmetric edema of the lower extremities. There were 
no evidences of right-sided heart failure. 

At autopsy, a massive retroperitoneal neoplasm was found invading and almost 
completely occluding the inferior vena cava. Extensions of the mass were present 
in the common iliac veins and in the renal and adrenal veins. The mass had also 
ascended the inferior vena cava and had entered the right auricle, distending and 
almost completely filling it with a globular mass measuring 7 by 6 cm. This 
globular mass was adherent at one site on the inner surface of the intra-auricular 
septum. It had not penetrated into the wall of the septum. 

Metastatic nodules were present also in the lungs and in the liver. The abdom- 
inal lymph nodes were indistinguishably enmeshed in the retroperitoneal growth. 

Histologic examination showed the neoplasm to be myogenic sarcoma, probably 
primary in the retroperitoneal tissues. 

This case is particularly interesting because of the rarity of this type of retro- 
peritoneal sarcoma and because of the massive involvement of the right auricle 
unassociated with significant diagnostic cardiac symptoms or signs. 


An Unusual Teratoma of the Mediastinum. Mattuew C. Bennett. 


Trigerminal teratoma of the mediastinum is uncommon, and the solid type 
covered by skin is rare. Consequently it seems worth while to report this case. 

A 22 year old white girl was admitted to the Pennsylvania Hospital, Feb. 7, 
1940, complaining of sharp pain in the left side of the chest, cough and hemoptysis, 
thought to be due to tuberculosis. Physical examination and roentgenograms 
revealed evidence of a dermoid cyst in the mediastinum. This cyst was success- 
fully removed by Dr. J. B. Flick. 

The specimen consisted of a nodular mass of tissue, measuring 15 by 11 by 
6 cm. and weighing 390 Gm., covered by skin. On one aspect the nodules were 
grouped together in two rows, forming a cleft. Projecting upward from the depth 
of the cleft was a small lingual mass, 3 by 1 cm., with a narrow pedicle. Just in 
front of the tip of this mass was a small firm translucent projection, suggestive 
of a tooth. On sectioning through the cleft lateral to the lingual process, a cruci- 
form plaque of cartilage and bone was encountered. In the center of the bone 
was a bit of red tissue, suggestive of marrow. Near this plaque were several 
cysts containing semigelantinous material. Several rudimentary teeth were 
encountered. The bulk of the mass, however, including the two rows of nodules 
previously described, consisted of irregular lobules of soft fat and myxomatous 
tissue. 
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Histologically, the skin contained many hair follicles and sebaceous glands. 
The lingual process was covered entirely by skin, while the underlying tissue 
consisted of fat with some myxomatous tissue and a few smooth muscle bundles, 
In some of the cysts there was ciliated columnar epithelium, associated with 
typical bronchial glands and cartilage. Other cysts were lined by simple cuboidal 
and low columnar epithelium. 

Since this mass was derived from the ectoderm, mesoderm and entoderm, jt 
represented a trigerminal teratoma and not a dermoid. 


Heterotransplantation of Frog Carcinoma: Character of Growth in the 
Eyes of Alien Species. Batpurn Luckfé and H. ScHLUMBERGER. 


The numerous attempts to transplant neoplasms of man and of warm-blooded 
animals in general to individuals of different species have generally failed. Sye- 
cessful transplantation has been accomplished, however, under certain conditions, 
e. g., by planting foreign grafts in embryos, brains or eyes. At these sites specific 
resistance appears to be imperfectly developed. More controversial has been the 
success claimed when neoplasms have been transplanted to animals the specific 
resistance of which had previously been modified by removal of the spleen 
“blockade” of the reticuloendothelial system or by intense irradiation. 

Of the several methods advocated, that of transplantation into the anterior 
chamber of the eye has the advantage of simplicity. That the eyes of several 
species of mammals and birds are a suitable habitat for heteroplastic growth of 
neoplasms is apparent from the literature. But for such experiments not every 
kind of neoplasm nor every kind of animal has served equally well. For example, 
Woglom failed to obtain growth of a virulent strain of mouse carcinoma in the 
eyes of rats, though good intraocular growth was obtained in mice. In warm- 
blooded animals, at least, the humors of the eye do not appear to be wholly 
indifferent to foreign grafts. 

Cold-blooded animals have not heretofore been used for heterologous trans- 
plantation of tumors. 

We have investigated transplantation into foreign hosts of the renal carcinoma 
of leopard frogs by grafting the tumors in the anterior chambers of two other 
species belonging to the same family of frogs (green frog, bullfrog), of a species 
from a different family (the toad) and of animals of different classes of cold- 
blooded vertebrates (goldfish, alligator). The transplanted tumors were studied 
by direct microscopic observations, which were continued usually for a period of 
two or three months and in selected cases for over six months. It was thus 
found that in the eyes of the alien frogs the renal carcinoma became established 
as readily as in the eye of the natural host. In toads, the proportion of successful 
transplants was slightly less. No progressive growth of the transplanted car- 
cinoma occurred in fish or reptiles, although in fish the transplants survived for 
over three months. Thus the success of transplantation into alien species decreased 
as relationship to the original species became more distant. 

The character and rate of growth of the carcinoma were found to be practically 
the same in the eyes of alien species as in the original species. Nor were differ- 
ences in the finer structure of the tumor observed in the several species. 

It also was possible to engraft the tumor in the eye of the natural host, then to 
transplant it into the eye of another species and finally to retransplant it in the 
original species. In this way the tumor has been propagated for four hundred and 
forty-three days. 

Thus these results demonstrate that among cold-blooded vertebrates the humors 
and tissues of the eye have a high degree of tolerance for foreign tumor grafts. 
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BUFFALO PATHOLOGICAL SOCIETY 
Ernest Witessky, President 
SAMUEL SANES, Secretary 
Regular Meeting, June 22, 1940 


Cholecystographic Diagnosis of Double Gallbladder with Pathologic Veri- 
fication. SAMUEL SANES and W. Rocer Scorrt. 


About 40 cases of double gallbladder have been described in the literature. In 
only 9 of these was the anomaly diagnosed by the roentgenologist. The following 
report concerns the first instance in which a double gallbladder was diagnosed by 
cholecystography and subsequently demonstrated at operation and by pathologic 
examination. 

In a 55 year old man who complained of distress due to numerous foods, 
cholecystographic study revealed a gallbladder with a double appearance in its 
midportion and two rounded areas of density which suggested papillomas. Two 
years later, these findings were again noted in roentgen films with an additional 
area of decreased density in the lower pole of one gallbladder, which was inter- 
preted as a stone. 

The surgical specimen represented a partially opened double gallbladder and 
double cystic duct. The two gallbladders lay side by side, separated by subserosa. 
One gallbladder showed in the fundus a pressure mark from a combination, chiefly 
cholesterol, stone. In the mucosa there was fine cholesterosis. The muscularis 
was moderately hypertrophic. In the second gallbladder cholesterosis of the 
mucosa was marked, with cholesterol polyps, of which two corresponded to the 
areas of negative densities diagnosed roentgenographically as papillomas. The 
walls of both the gallbladder and the cystic ducts were slightly inflamed. 


Cystic Lymphangioma. Harry M. STEEN. 

Sections of a tumor of the breast and axilla were presented from a white girl, 
aged 13, a student. She was admitted to the hospital with a mass in the right 
breast and axilla. The mass was brought first to her attention by a saleswoman who 
was fitting her for a dress. 

Operation revealed a large multilocular cyst beneath the pectoralis minor 
muscle on the right side. It extended well up into the axilla beneath the platysma 
dorsi and posteriorly to the scapula. 

The specimen was a large multilocular cyst, measuring 30 by 20 by 20 cm., 
roughly lobulated. The surface of the cyst was smooth and pale. The wall was 
thin and translucent. Cut sections showed many dilated cystic cavities filled with 
a clear serous fluid. 

Microscopically, the sections showed numerous dilated cystic spaces filled with 
an eosinophilic fluid containing many lymphocytes. The cysts were lined by 
endothelium. The walls were composed of a loose vascular connective tissue, 
which was diffusely infiltrated by lymphocytes. Numerous lymphoid germinal 
follicles were present in the cyst walls. The diagnosis was cystic lymphangioma. 


Sulfanilamide and Allied Compounds in the Treatment of Hemolytic 
Streptococcic Meningitis. Erwin NETER. 


A study was made of the results obtained from the treatment with sulfanilamide 
and allied compounds of patients suffering from beta hemolytic streptococcic 
meningitis and admitted to the Children’s Hospital. The data were analyzed in 
regard to the outcome, the concentration of the drug in the cerebrospinal fluid 
and the time that was necessary in order to obtain sterilization of the cerebro- 
spinal fluid. Sulfanilamide was given by mouth; in several cases intrathecal 
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injections of a 0.8 per cent sulfanilamide solution in physiologic solution of 
sodium chloride were also given in the beginning of the treatment in order to 
obtain at once high concentrations of the drug in the cerebrospinal fluid. Qne 
patient was given azosulfamide (disodium 4-sulfamidophenyl-2’-azo-7'-acetylamino. 
1’-hydroxynapthalene 3’, 6’-disulfonate). 

Four of the 7 patients recovered. In 2 of the 3 fatal cases death occurred ten 
weeks and five months, respectively, after the onset of the illness and was due to 
nonbacterial complications rather than to active infection. This is evidenced by 
the fact that in 1 of these cases, after a lapse of ten days, during which all 
specimens of cerebrospinal fluid contained viable streptococci, 15 consecutive speci- 
mens showed no micro-organisms on film, were sterile on culture and had a low 
cell count and a normal sugar concentration. Marked hydrocephalus developed 
in the child. In the other fatal case sterilization of the cerebrospinal fluid was 
obtained between the first and the ninth day of treatment with sulfanilamide; the 
patient, however, died five months after the onset of the illness. The postmortem 
examination revealed no active meningeal infection. In only 1 of the 7 cases did 
sulfanilamide or allied compounds fail to eradicate the infection; all 8 consecutive 
specimens of cerebrospinal fluid showed streptococci on culture. The concentration 
of the free drug in the fluid was 5.6 and 6.4 mg. per hundred cubic centimeters, 
respectively, on two occasions. The patient died on the ninth day of treatment 
with sulfanilamide. 

Of the 4 patients who recovered, treatment with sulfanilamide resulted in 
sterilization of the spinal fluid within one day in 3 and after five days in the 
fourth. The concentrations of sulfanilamide in the cerebrospinal fluids of these 
patients were, respectively, 9.1 to 10.9 mg. per hundred cubic centimeters, 12.5 to 
16.5 mg., 8.5 to 13.4 mg. and 6.5 to 16.7 mg. Of the patients with beta hemolytic 
streptococcic meningitis who were treated at the Buffalo General Hospital between 
1937 and June 1940, 1 recovered. The cerebrospinal fluid of this patient was 
sterilized between the third and the fifth day. 

It has been shown that patients who fail to respond to one drug of the sulf- 
anilamide group may respond to another. In one of the aforementioned cases 
6 consecutive specimens of cerebrospinal fluid revealed viable streptococci in spite 
of the fact that the concentration of free sulfanilamide in the spinal fluid ranged 
from 9.9 to 27.8 mg. per hundred cubic centimeters. On the fifth day azosulfamide 
was given together with antistreptococcic serum. The patient responded clinically, 
and the cerebrospinal fluid became permanently sterile. 

The sterilization of the cerebrospinal fluid of patients with hemolytic strepto- 
coccic meningitis within one to five days after the beginning of treatment with 
sulfanilamide confirms similar observations of Schwentker, Clason, Morgan, 
Lindsay and Long and of Sappington and Favorite and contrasts with results 
obtained in the treatment of hemolytic streptococcic empyema with the drug as 
reported by Leahy. In the latter condition a longer period of treatment was 
necessary in order to obtain sterilization of the exudate, or sterilization was not 
achieved. This difference may be due to several factors, such as the resistance 
of the organisms to the drug, the duration of the disease prior to chemotherapy 
and environmental conditions that may interfere with the action of the drug. 


Production of Anti-N Serum by Treating Rabbits with Boiled Stromas 
of Blood Type N. E. Wirtessky and A. HErpe. 


There are contradictory reports in the literature as to the stability of blood 
types M and N under the impact of heat. Some authors believe the blood type 
properties are stable; others do not. Assuming that these blood types are heat 
stable, one should be able to separate the blood type-specific antigens from the 
species-specific antigens, which are known to be heat labile. In our experiments 
stromas were used instead of intact cells. The stromas were prepared according 
to Sachs: 

Citrated blood belonging to type N was washed thoroughly three times with 
saline solution, filled up to the original volume with saline solution and kept in 
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a water bath at 55 C. for thirty minutes. After that time, five to ten times as 
uch distilled water was added in order to dissolve the blood cells. The blood 
solution was then shaken thoroughly and allowed to stand for thirty minutes. The 
addition of one tenth of the volume of 10 per cent saline solution caused the 
stromas to precipitate. After centrifugation, the sediment was washed once and 
taken up in distilled water. It was boiled in a water bath for fifteen minutes. 
Ten per cent saline solution was added to obtain isotonic conditions. 5 
Three rabbits were treated with increasing amounts of these boiled suspensions 
of stromas. Intravenous injections (5 cc.) were given three times a week over 
a period of five weeks. The serum of the rabbits was examined for the presence 
of type-specific N antibody. It showed a low titer of species-specific antibody 
and a sufficient titer of type-specific N antibody. _ Satisfactory testing fluids were 
obtained by absorption of a 1:5 dilution of the original serum with small volumes 
of M cells. These experiments therefore demonstrate (1) that the blood type- 
specific property N is attached to the stroma, (2) that stromas exhibiting the 
blood type N property, after being boiled in a water bath for fifteen minutes, still 
are capable of stimulating the production of the type-specific antibody in rabbits. 


Stationary Metastasizing Carcinoid of the Ileocecal Valve. K. Terpran, 
D. WerntTraus and N. J. Worr. 


A 60 year old seaman who had suffered from abdominal cramps and constipa- 
tion and whose roentgenogram suggested marked dilatation of the ileum and 
adhesions about the cecum presented at laparotomy a large hard fixed mass 
involving the ileocecal valve and apparently causing marked narrowing of the 
lumen. The mesenteric lymph nodes were distinctly enlarged and in part replaced 
by tumor tissue. Very many tumor nodules were seen in the liver and varied in 
size from that of a small pea to that of a walnut. The ileocecal tumor was thought 
to be carcinoma, and a lateral anastomosis between the terminal portion of the 
ileum and the sigmoid was performed. 

A metastatic nodule removed from the liver for histologic study showed the 
typical picture of a carcinoid (argentaffine tumor). The patient recovered promptly, 
and his weight increased somewhat. He never had any gastrointestinal complaints 
until his death, which was caused by accidental drowning five and a half years 
after his operation. Post mortem a typical carcinoid was found in the lowest 
portion of the ileum, including the ileocecal area. The metastatic nodules in the 
liver were still present in large numbers. Apparently, they had not increased in 
size. Also several distinctly enlarged mesenteric lymph nodes were replaced by 
typical carcinoid structures. The ileosigmoidostomy showed a most ideal result. 

In a few cases of metastasizing carcinoid of the lower part of the ileum which 
have been reported in the literature of more recent date it has been stressed that 
simple resection of the primary tumor, without removing adjacent nodes in the 
mesentery, was not followed by a further extension of this tumor. For all prac- 
tical purposes the patients appeared cured. Our case proves that mere surgical 
relief of the mechanical obstruction by the carcinoid has the same ideal result. 
There was not the slightest evidence of further extension of this metastasizing 
carcinoid at its primary site or in the mesenteric lymph nodes or from the exten- 
sive metastatic nodules in the liver. We are justified, therefore, in designating 
these obviously relatively benign tumors, in spite of the metastatic involvement of 
several organs, as stationary metastasizing carcinoids of the small intestine. 
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Book Reviews 


Die akute Myokarditis. Klinische und pathologisch-anatomische Beo. 
bachtungen bei 36 Krankheitsfallen in ihren Beziehungen zu Herd. 
Infekten, zu Allgemein-Infekten (Grippe) und zu Tuberkulose. 
Ferdinand Wuhrmann, Oberarzt der Klinik. Paper. Pp. 148, with 86 iffus- 
trations. Price 10.10 marks. Basel, Switzerland: S. Karger, 1939, 


An excerpt from page 88 will show the purpose of this volume, which is to 
prove that “without septic disease in other organs and without important, at least 
without primary, pericarditis or endocarditis the muscle of the heart may mani- 
fest a more or less diffuse interstitial inflammation that develops acutely and 
for the existence of which ordinary infectious diseases, especially diphtheria, 
scarlet fever and typhoid fever, as well as sepsis and rheumatism, can be excluded. 
Similar changes in the heart muscle may be associated with acute pulmonary 
tuberculosis and with syphilis.” Wuhrmann’s views are based on a study of 
36 cases, abstracts of which are given. For most of these cases there are autopsy 
reports. Clinically, the symptoms were those of acute congestive heart failure, 
often in one who previously had been looked on as in good health. Death was 
generally sudden. At autopsy there were found areas of interstitial myocarditis 
with cellular infiltration, edema and secondary changes in the muscle fibers. In 
a few instances there were scars that were interpreted as relics of a preceding 
similar acute inflammation. Bacteria were not found. Wuhrmann believes that 
certain conditions favor the development of this type of myocarditis. Such are 
old age, alcoholism and, especially, preceding influenza and acute exacerbation of 
tuberculosis when there are cavities in the lung. All these are factors that render 
the heart muscle less resistant than formerly to the influence of bacteria, toxin 
or perhaps virus—as in his case of psittacosis. He believes in a specific inter- 
stitial acute tuberculous myocarditis. Numerous illustrations showing tempera- 
ture charts, electrocardiograms, roentgenograms and the microscopic appearance 
of sections from the diseased hearts are found at the end of the book. Chapter 5 
is devoted to a review of the literature. The author is to be congratulated on 
reviving interest in this topic, for cases such as he describes undoubtedly occur 
and are easily overlooked by clinician and pathologist, whose attention today is 
focused so intently on the coronary artery as the prime cause of muscular changes 
in the heart. The book lacks in force because of diffuseness, needless repetition 
and an involved style. This may be due, in part at least, to the fact that the 
author’s ideas are not always clear. His conclusions are often modified by a 
weakening “perhaps” or “apparently,” and he himself has some question as to 
the correctness of his diagnosis in a few instances. The propriety of including 
the case of diffuse lymphosarcomatosis and cases of generalized miliary tubercu- 
losis seems to bother him as it does the reviewer. But the book should make 
one think and should stimulate clinicians and pathologists to confirm or disprove 
the contentions of the author. 


The Enamel of Human Teeth. An Inquiry into the Formation of Normal 
and Hypoplastic Enamel Matrix and Its Calcification. Moses Diamond 
and Joseph P. Weinmann, of the School of Dental and Oral Surgery, Columbia 
University. Pp. 105, with 51 illustrations. Price $1.50. New York: Columbia 
University Press, 1940. 


This 105 page booklet is divided into 3 chapters, the first dealing with the 
formation of normal enamel matrix and its calcification, the second with dis- 
turbances in matrix formation and the third with disturbances in calcification. 
New evidence for a concept that has hitherto received little attention is presented 
in a very positive and forceful manner. This concept is that the formation of 
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the enamel matrix is completed before calcification begins and that the latter 
occurs first at the tips of the enamel cusps and proceeds in a direction transverse 
to the incremental lines, toward the dentoenamel junction and the cervical region, 
rather than along the incremental lines of the enamel. The authors believe that 
this process consists in a crystallization of colloidal calcium salts present in the 
organic matrix and that it occurs after involution of the enamel organ. The 
photomicrographs used to support the latter point may equally well be interpreted 
as showing degeneration of the enamel organ occurring during the terminal illness 
of the patient and before the deposition of enamel matrix had been completed. 
It has been well established that such lesions of the ameloblasts occur in regions 
where they are in most active function, while neighboring cells that have not yet 
begun to deposit enamel escape. 

The direction of the process of crystallization of the calcium salts in the 
enamel is inferred from a study of dissected specimens, decalcified microscopic 
sections and ground sections of teeth. The last were examined by grenz ray 
photography, as well as by ordinary methods. The observations of previous 
workers, particularly von Beust and Kitchin, are mentioned, but the facts that 
yon Beust postulated a very similar theory of enamel calcification and that Kitchin 
supported it with careful polariscopic studies are rather lightly passed over. 

In the second chapter both hypoplastic and hyperplastic areas of enamel for- 
mation are described and illustrated by excellent photomicrographs. The value of 
this contribution would be increased if case histories were available. The dominant 
opinion that most defects in enamel are referable to lesions in the enamel organ 
during the period of deposition of enamel matrix is reiterated. 

Clinical observations of enamel hypoplasia of a very interesting and unusual 
type are presented and discussed in the final chapter. No serologic tests are 
mentioned in the very brief case history. The authors suggest that the striking 
defects in the enamel of this patient’s teeth are due to failure of calcification after 
the formation of enamel matrix had been completed. 

The book is well printed and elaborately illustrated. It is unfortunate that 
so expensive a publication should be paper covered. It will doubtless attract 
much attention from dentists and others interested in tooth formation and cal- 
cification. It should serve to stimulate further investigation by physical and 
chemical as well as by histologic technics, and if it does so, its publication will 
have been amply justified. 
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ATLAS OF CARDIOROFNTGENOLOGY. Hugo Roesler, M.D., F.A.C.P., associate 
professor of roentgenology, cardiologist in the department of medicine, Temple 
University School of Medicine and Hospital, Philadelphia. Cloth. Pp. 124, with 
166 illustrations. Price, $8.50. Springfield, Ill.: Charles C. Thomas, Publisher, 
1940. 


THE ROCKEFELLER FouNDATION ANNUAL REporT 1939. Paper. Pp. 507, illus- 
trated. New York: Rockefeller Foundation, 1940. 


GYNECOLOGICAL AND OBSTETRICAL PATHOLOGY WITH CLINICAL AND ENDOCRINE 
Reiations. Emil Novak, A.B., M.D., D.Sc. (Hon. Dublin), F.A.C.S., associate 
in gynecology, Johns Hopkins Medical School. Cloth. Pp. 496, with 427 illustra- 
tions. Price, $7.50. Philadelphia and London: W. B. Saunders Company, 1940, 


Tue Virus: Lire’s Enemy. Kenneth M. Smith, F.R.S. Cambridge Library 
of Modern Science. Cloth. Pp. 176, with 19 illustrations. Price, $2. Cambridge, 
England: The University Press. New York: The Macmillan Company, 1940. 

GRADUATE MEDICAL EDUCATION IN THE UNITED STATES. CONTINUATION StTupy 
FOR PRACTICING PuysicraAns, 1937 to 1940. Pp. 243. Chicago: American Medical 
Association, 1940. 


PATHOLOGY, MICROBIOLOGY AND EXPERIMENTAL MEDICINE. Issued by the 
Chinese Society of Pathology and Microbiology on the occasion of the visit to 
China of Dr. Eugene L. Opie, professor of pathology, Cornell University Medical 
College, New York City. Chinese Medical Journal, Supplement III. Paper. 
Pp. 692, illustrated. Price, U. S. $4.50. Peking, China: Chinese Medical Journal, 
1940. 

PATHOLOGICAL CONFERENCES HELD aT THE CooK County Hospitat sy Dr. 
R. H. Jarr&. Edited by Chester C. Guy, M.D. Cloth. Pp. 1164, with one illus- 
tration. Price, $3.50. Chicago: Cook County Hospital Internes’ Alumni Asso- 
ciation (Chicago Medical Book Co.), 1940. 

LOS TRASTORNOS CIRCULATORIOS DE LA AVITAMINOSIS B:. Léon de Soldat. 
Paper. Pp. 364, with 35 illustrations. Buenos Aires: “El Atenio,” 1940. 

HANDBOOK OF HEARING Alps. A. F. NreMOELLER, A.B., M.A., B.S. Foreword 
by Harold Hays, M.D., F.A.C.S. Cloth. Pp. 156. Price, $3 New York: 
Harvest House, 1940. 








